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SMOKE DETECTOR CHAMBER
ARCHITECTURE AND RELATED METHODS

CROSS-REFERENCE TO RELATED
APPLICATION D

This application 1s a continuation of U.S. application Ser.
No. 14/713,975 filed May 15, 2015, the entire disclosure of

which 1s hereby incorporated by reference for all purposes.
10

BACKGROUND

In some forms of smoke detectors, such as optical smoke
detectors, a smoke chamber 1s used. A smoke chamber 1s
used for creating a controlled environment 1 which elec-
tromagnetic radiation 1s emitted and sensed. Within the
smoke chamber, effective detection of different sizes of
particulate matter may be desired.

15

SUMMARY 20
In various embodiments, a method for using multiple
wavelengths of electromagnetic radiation to detect smoke by
a smoke detector may be presented. The method may
include, while the smoke detector 1s set to a first mode,
emitting, by a first electromagnetic radiation emitter, a first
wavelength of electromagnetic radiation 1nto a smoke cham-
ber while a second electromagnetic radiation emitter 1s
disabled. The method may include, while 1n the first mode,
waiting, by the smoke detector, a first period of time
following emitting the first wavelength of electromagnetic
radiation into the smoke chamber with the first and second
clectromagnetic radiation emitters disabled. The method
may include, while 1n the first mode, emitting, by the second
clectromagnetic radiation emitter, a second wavelength of 35
clectromagnetic radiation 1nto the smoke chamber while the
first electromagnetic radiation emitter 1s disabled following
waiting the first period of time. The method may include,
while 1n the first mode, determining, by the smoke detector,
at least partially based on a first amount of smoke detected 40
within the smoke chamber, whether to set the smoke detector
to a second mode. While the smoke detector 1s set to the
second mode, the method may include emitting, by the first
clectromagnetic radiation emitter, the first wavelength of
clectromagnetic radiation 1nto the smoke chamber while the
second electromagnetic radiation emitter 1s disabled. The
method may include, while 1n the second mode, waiting, by
the smoke detector, a second period of time following
emitting the first wavelength of electromagnetic radiation
into the smoke chamber with the first and second electro-
magnetic radiation emitters disabled, wherein the second
period of time 1s shorter in duration than the first period of
time. The method may include, while 1n the second mode,
emitting, by the second electromagnetic radiation emitter,
the second wavelength of electromagnetic radiation into the
smoke chamber while the first electromagnetic radiation
emitter 1s disabled following waiting the second period of
time.

Embodiments of such a method may include one or more
of the following: While the smoke detector 1s set to a third
mode, the method may include emitting, by the first elec-
tromagnetic radiation emitter, the first wavelength of elec-
tromagnetic radiation 1nto the smoke chamber. The method
may include, while 1n the third mode, waiting, by the smoke
detector, a third period of time following emitting the first
wavelength of electromagnetic radiation into the smoke
chamber, the third period of time being longer 1n duration
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than the first period of time and the second period of time.
The method may include, while 1n the third mode, emitting,
by the first electromagnetic radiation emitter, the first wave-
length of electromagnetic radiation into the smoke chamber
following waiting the third period of time, such that the
second electromagnetic radiation emitter 1s not activated for
detection of smoke while the smoke detector 1s set to the
third mode. The method may include determining, by the
smoke detector, at least partially based on an absence of
smoke within the smoke chamber, to set the smoke detector
to the third mode. The method may include testing, by the
smoke detector, the second electromagnetic radiation emit-
ter while the smoke detector 1s set to the third mode once
during a test window. The test window may be at least 180
seconds 1n length. The third period of time may be at least
6 seconds. The method may include determiming, by the
smoke detector, at least partially based on a second amount
of smoke within the smoke chamber being detected, to set
the smoke detector to the second mode, the second amount
of smoke being less than the first amount of smoke. The first
wavelength may be infrared and the second wavelength may
be blue. The method may include detecting, using an elec-
tromagnetic sensor, a first measured amount of the first
wavelength of electromagnetic radiation in the smoke cham-
ber via forward scattering. The method may include detect-
ing, using the electromagnetic sensor, a second measured
amount of the second wavelength of electromagnetic radia-
tion in the smoke chamber via forward scattering. Deter-
mining, by the smoke detector, at least partially based on the
first amount of smoke detected within the smoke chamber
whether to set the smoke detector to the second mode may
include: calculating, by a processor of the smoke detector, a
metric based on: the first measured amount, a stored infrared
scaling value, the second measured amount, and a stored
blue scaling value; and using, by the processor of the smoke
detector, the metric to determine whether to set the smoke
detector to the second mode. Using, by the processor of the
smoke detector, the metric to determine whether to set the
smoke detector to the second mode may include: evaluating,
by the processor of the smoke detector, a number of
instances within a sliding time window that the metric has
exceeded a defined threshold value; and causing, by the
smoke detector, the smoke detector to be set to the second
mode based on the number of instances within the shiding
time window exceeding the defined threshold value. The
method may include outputting, by the smoke detector, an
auditory warning that a smoke level 1s rising in response to
the smoke detector being set to the second mode, wherein
the auditory warning does not include an alarm sounding.
In some embodiments, a smoke detector for using mul-
tiple wavelengths of electromagnetic radiation to detect
smoke 1s presented. The smoke detector may include a
smoke chamber. The smoke detector may include an elec-
tromagnetic sensor positioned to receive electromagnetic
radiation within the smoke chamber. The smoke detector
may include a first electromagnetic radiation emitter that
emits electromagnetic radiation at a first wavelength into the
smoke chamber. The smoke detector may include a second
clectromagnetic radiation emitter that emits electromagnetic
radiation at a second wavelength into the smoke chamber.
The smoke detector may include a processing system that
controls activation of the first electromagnetic radiation
emitter and the second electromagnetic radiation emitter.
The processing system may set the smoke detector to a {first
mode, during which the processing system may: cause the
first electromagnetic radiation emitter to emait the first wave-
length of electromagnetic radiation 1nto the smoke chamber,
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during which the second electromagnetic radiation emitter 1s
disabled; wait a first period of time following the first
clectromagnetic radiation emitter emitting the first wave-
length of electromagnetic radiation into the smoke chamber,
during the first period of time, neither the first electromag-
netic radiation emitter nor the second electromagnetic radia-
tion emitter are active; and cause the second electromagnetic
radiation emitter to emit the second wavelength of electro-
magnetic radiation 1nto the smoke chamber following wait-
ing the first period of time, during which the first electro-
magnetic radiation emitter 1s disabled.

Embodiments of such a smoke detector may include one
or more of the following features: The processing system
may determine whether to set the smoke detector to a second
mode. The processing system may, while the smoke detector
1s set to the second mode: cause the first electromagnetic
radiation emitter to emit the first wavelength of electromag-
netic radiation into the smoke chamber while the second
clectromagnetic radiation emitter 1s disabled; wait a second
period of time following emitting the first wavelength of
clectromagnetic radiation nto the smoke chamber, wherein
the second period of time 1s shorter than the first period of
time and the first and second electromagnetic radiation
emitters are disabled; and cause the second electromagnetic
radiation emitter to emit the second wavelength of electro-
magnetic radiation into the smoke chamber following wait-
ing the second period of time while the first electromagnetic
radiation emitter 1s disabled.

The processing system may be further configured to set
the smoke detector to a third mode. While the smoke
detector 1s set to the third mode, the processing system may
cause the first electromagnetic radiation emitter to emit the
first wavelength of electromagnetic radiation mto the smoke
chamber. The processing system may wait a third period of
time following causing the first electromagnetic radiation
emitter to emit the first wavelength of electromagnetic
radiation into the smoke chamber, the third period of time
being longer 1n duration than the first period of time and the
second period of time, during the third period of time, the
first and the second electromagnetic radiation emitters are
disabled. The processing system may cause the first elec-
tromagnetic radiation emitter to emait the first wavelength of
clectromagnetic radiation into the smoke chamber following
waiting the third period of time, such that the second
clectromagnetic radiation emitter 1s not activated for detec-
tion of smoke while the smoke detector 1s set to the third
mode. The processing system may determine, at least par-
tially based on an absence of deflected electromagnetic
radiation measured within the smoke chamber by the elec-
tromagnetic sensor, to set the smoke detector to the third
mode. The processing system may test the second electro-
magnetic radiation emitter while the smoke detector 1s set to
the third mode on a periodic basis. The first wavelength
emitted by the first electromagnetic radiation emitter may be
infrared and the second wavelength emitted by the second
clectromagnetic radiation emitter may be blue light.

In some embodiments, an apparatus for using multiple
wavelengths of electromagnetic radiation to detect smoke 1s
presented. The apparatus may include means for emitting a
first wavelength of electromagnetic radiation mnto a smoke
chamber while the apparatus 1s set to a first mode and while
a means for emitting a second wavelength of electromag-
netic radiation into the smoke chamber 1s disabled. The
apparatus may include means for waiting a first period of
time following emitting the first wavelength of electromag-
netic radiation into the smoke chamber while the apparatus
1s set to the first mode. The apparatus may include means for
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emitting the second wavelength of electromagnetic radiation
into the smoke chamber while the apparatus 1s set to the first

mode and while the means for emitting the first wavelength
of electromagnetic radiation 1s disabled following waiting
the first period of time. The apparatus may include means for
determining whether to set the apparatus to a second mode.
The apparatus may include means for emitting the first
wavelength of electromagnetic radiation into the smoke
chamber while the apparatus 1s set to the second mode and
while the means for emitting the second wavelength of
clectromagnetic radiation 1s disabled, The apparatus may
include means for waiting a second period of time following
emitting the first wavelength of electromagnetic radiation
while the apparatus 1s set to the second mode and, wherein
the second period of time 1s shorter 1n duration than the first
period of time. The apparatus may include means for emit-
ting the second wavelength of electromagnetic radiation mnto
the smoke chamber while the apparatus 1s set to the second
mode and while the means for emitting the first wavelength
ol electromagnetic radiation emitter 1s disabled following
waiting the second period of time. In some embodiments,
the first wavelength 1s infrared and the second wavelength 1s

blue light.

BRIEF DESCRIPTION OF TH.

(Ll

DRAWINGS

A further understanding of the nature and advantages of
various embodiments may be realized by reference to the
following figures. In the appended figures, similar compo-
nents or features may have the same reference label. Further,
various components of the same type may be distinguished
by following the reference label by a dash and a second label
that distinguishes among the similar components. If only the
first reference label 1s used 1n the specification, the descrip-
tion 1s applicable to any one of the similar components
having the same first reference label irrespective of the
second reference label.

FIGS. 1A and 1B illustrate an embodiment of a smart
combined smoke detector and carbon monoxide device.

FIGS. 2A, 2B, 2C, and 2D 1illustrate an embodiment of an
exploded smart combined smoke detector and carbon mon-
oxide device.

FIG. 3 illustrates an embodiment of a smoke chamber.

FIG. 4 1llustrates an embodiment of the smoke chamber of
FIG. 3 separated into constituent parts.

FIGS. 5A and 5B illustrate a cross section of an embodi-
ment of the smoke chamber of FIG. 3.

FIG. 6 1llustrates an angular projection of an embodiment
of a top component of the smoke chamber.

FIG. 7 1llustrates a bottom view of an embodiment of a top
component of the smoke chamber.

FIG. 8 1llustrates an angular projection of an embodiment
of the bottom component of the smoke chamber.

FIG. 9 1llustrates a top view of an embodiment of the
bottom component of the smoke chamber.

FIG. 10 illustrates a side view of an embodiment of the
bottom component of the smoke chamber.

FIG. 11 1illustrates another angular projection of an
embodiment of the bottom component of the smoke cham-
ber.

FIGS. 12A-12C illustrate an embodiment of a mesh that
can be wrapped around the various detailed embodiments of
smoke chambers to help filter large particulate matter.

FIG. 13 illustrates an embodiment of a method for using
two modes for monitoring for smoke 1n a smoke chamber.

FIG. 14 illustrates an embodiment of a method for using
three modes for monitoring for smoke in a smoke chamber.
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FIG. 15 illustrates an embodiment of a method for per-
forming a mode for detecting smoke within a smoke cham-
ber.

FIG. 16 illustrates an embodiment of a method for per-
forming another mode for detecting smoke within a smoke
chamber.

FIG. 17 illustrates an embodiment of a system that may
perform various methods of detecting smoke.

FIG. 18 1llustrates an embodiment of a graph showing the
relationship between infrared and blue light measurements
by an EM sensor.

FIG. 19 1llustrates an embodiment of the graph of FIG. 18
showing data points from two foam block fires.

FI1G. 20 illustrates an embodiment of the graph of FIG. 19
showing data points from the two foam block fires 1n three
dimensions against time.

FIG. 21 illustrates an embodiment of a computer system
which may be incorporated as part of the smoke detector
and/or carbon monoxide devices detailed herein.

DETAILED DESCRIPTION

A smoke chamber that allows for increased airtlow can
improve the performance of an optical smoke detector. By
increasing airflow and, possibly, channeling air to a center of
the smoke chamber, the speed at which the smoke 1s detected
may be increased. Further, by using multiple wavelengths of
clectromagnetic (EM) radiation, smoke from various types
of fires, such as flaming fires and smoldering fires, may be
detected faster. Such a smoke chamber may be designed
such that alignment between one or more EM emuitters and
one or more EM sensors causes the one or more EM sensors
to detect EM radiation deflected by particulate smoke matter
via forward scattering.

A smoke chamber may be 1deally configured to allow no
light from outside of the smoke chamber into an airspace
within the housing of the smoke chamber while still allow-
ing for air to be readily exchanged between the airspace
within the housing of the smoke chamber and the exterior
environment (e.g., outside of the smoke chamber, such as the
room 1n which the smoke detector 1s installed). The smoke
chamber may include multiple parts, such as a top compo-
nent and a bottom component that are manufactured sepa-
rated and are coupled together to form the smoke chamber.
The smoke chamber may have a circular cross-section and
may have a surface that generally curves radially outward
from a center axis of the smoke chamber. This surface may
have a series of “steps” which are perpendicular protrusions
on the curved surface that help prevent light from being
reflected by the surface from the exterior environment 1nto
the smoke chamber. Along the radially curved surface, a
series of airflow fins that are radially aligned with a center
axis of the smoke chamber may be positioned. These airtlow
fins may serve to direct airflow towards the center of the
smoke chamber, which can help smoke be detected quickly.

By increasing the airflow between the airspace and the
exterior environment, it may be possible to wrap the air
exchange portion of the smoke chamber with a mesh while
still maintaiming suflicient airflow to meet all relevant legal
requirements and detect smoke from various types of fires in
a timely fashion. A mesh may be wrapped around the smoke
chamber to limit entry of undesired matter (e.g., dust, bugs)
into the smoke chamber while still allowing smoke particu-
late matter entry. The mesh may be metallic and, along with
a metallic cap and metallic base, may serve as a metallic

shield (a Faraday cage or Faraday shield) that encompasses
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the smoke chamber, which decreases
allect the one or more EM sensors.

Various embodiments of smoke chambers, including the
above aspects and aspects yet to be noted, are described 1n
detail 1n relation to the figures that follow. For overall
understanding, a big picture view of a device that uses such
a smoke chamber 1s first described. Such a device may be a
dedicated smoke detector or a combination device, such as
carbon-monoxide detector and smoke detector. FIG. 1A
illustrates an embodiment of a smart combined smoke
detector and carbon monoxide device 100A. Such an
embodiment of a smart combined smoke detector and car-
bon monoxide device 100A may be suitable for mounting to
a wall or ceiling 1n a room (or other location) within a
structure 1n which smoke and/or carbon monoxide 1s to be
monitored. Device 100A may be “smart,” meaning the
device 100A can communicate, likely wirelessly, with one or
more other devices or networks. For instance, device 100A
may communicate with a remote server via the Internet and,
possibly, a home wireless network (e.g. > an IEEE 802.11a/
b/g network, 802.15 network, such as using the Zighee® or
/Z-wave® specification). Such a smart device may allow for
a user to mteract with the device via wireless communica-
tion, either via a direct or network connection between a
computerized device (e.g., cellular phone, tablet computer,
laptop computer, or desktop computer) and the smart device.

FIG. 1A illustrates an angular top projection view of
combined smoke detector and carbon monoxide device
100A. Device 100A may generally be square or rectangular
and have rounded corners. Visible in the angular top pro-
jection view are various components of the combined smoke
detector and carbon monoxide device 100A, including:
cover grille 110, lens/button 120, and enclosure 130. Cover
orille 110 may serve to allow air to enter combined smoke
detector and carbon monoxide device 100A through many
holes while giving device 100A a pleasing aesthetic appear-
ance. Cover grille 110 may further serve to reflect light into
the external environment of device 100A from internal light
sources (e.g., LEDs). Light may be routed internally to cover
grille 110 by a light pipe, noted 1n relation to FIGS. 2A, 2C,
and 2D. It should be understood that the arrangement of
holes and shape of cover grille 110 may be varied by
embodiment. Lens/button 120 may serve multiple purposes.
First, lens/button 120 may function as a lens, such as a
Fresnel lens, for use by a sensor, such as an infrared (IR)
sensor, located within device 100A behind lens/button 120
for viewing the external environment of device 100A. Addi-
tionally, lens/button 120 may be actuated by a user by
pushing lens/button 120. Such actuation may serve as user
input to device 100A. Enclosure 130 may serve as a housing
for at least some of the components of device 100A.

FIG. 1B 1illustrates an angular bottom projection view of
a smart combined smoke detector and carbon monoxide
device 100B. It should be understood that device 100A and
device 100B may be the same device viewed from difierent
angles. Visible from this view 1s a portion of enclosure 130.
On enclosure 130, battery compartment door 140 1s present
through which a battery compartment 1s accessible. Also
visible are airflow vents 150-1 and 150-2, which allow air to

pass through enclosure 130 and enter the smoke chamber of
device 100B.

FIGS. 2A, 2B, 2C, and 2D illustrate an embodiment of an
exploded smart combined smoke detector and carbon mon-
oxide device. The devices of FIGS. 2A-2D can be under-
stood as representing various views ol devices 100A and
100B of FIGS. 1A and 1B, respectively. In FIG. 2A, device

200A 1s shown having cover grille 110 and enclosure 130,

EM noise that can
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which together house main chassis 210. Main chassis 210
may house various components that can be present in
vartous embodiments of device 200A, including speaker
220, light pipe 230, and microphone 240. FIG. 2B of an
embodiment of device 200B can be understood as 1llustrat-
ing the same device of FIG. 2A, from a different viewpoint.
In FIG. 2B, cover grille 110, enclosure 130, airflow vent
150-3, battery compartment door 140 are visible. Addition-
ally visible 1s laminar tlow cover 250, which forms a shield
between an underlying circuit board and enclosure 130.
Protruding through cover 250 1s smoke chamber 260. A gap
may be present between enclosure 130 and laminar flow
cover 250 to allow airflow through airflow vents 150 to have
a relatively unobstructed path to enter and exit smoke
chamber 260. Also present in FIG. 2B are multiple batteries,
which are installed within battery compartment 270 of
device 200B and which are accessible via battery compart-
ment door 140. Some or all components on main circuit
board 288 may be at least partially covered by one or more
laminar flow covers. Such laminar flow covers (e.g., laminar
flow cover 250) can help laminar air flow within the device
and prevent a user from 1nadvertently touching a component
that could be sensitive to touch, such as via electro-static
discharge.

FI1G. 2C represents a more comprehensive exploded view
ol a smart combined smoke detector and carbon monoxide
detector device 200C. Device 200C may represent an alter-
nate view of devices 100A, 1008, 200A, and 200B. Device
200C may include: cover grille 110, mesh 280, lens/button
120, light guide 281, button flexure 283, main chassis 210,
diaphragm 284, passive infrared (PIR) and light emitting
diode (LED) daughterboard 285, speaker 220, batteries 271,
carbon monoxide (CO) sensor 286, buzzer 287, main circuit
board 288, smoke chamber 260, chamber shield 289, enclo-
sure 130, and surface mount plate 290. It should be under-
stood that alternate embodiments of device 200C may
include a greater number of components or fewer compo-
nents than presented 1n FIG. 2C.

A brief description of the above-noted components that
have yet to be described follows: Mesh 280 sits behind cover
orille 110 to obscure external visibility of the underlying
components of device 200C while allowing for airtlow
through mesh 280. Mesh 280 and grille 110 can help CO
more readily enter the interior of the device, where CO
sensor 286 1s located. Light guide 281 serves to direct light
generated by lights (e.g., LEDs such as the LEDs present on
daughterboard 283) to the external environment of device
200C by retlecting ofl of a portion of cover grille 110. Button
flexure 283 serves to allow a near-constant pressure to be
placed by a user on various locations on lens/button 120 to
cause actuation. Button tlexure 283 may cause an actuation
sensor located ofl-center from lens/button 120 to actuate 1n
response to user-induced pressure on lens/button 120. Dia-
phragm 284 may help 1solate the PIR sensor on daughter-
board 285 from dust, bugs, and other matter that may aflect
performance. Daughterboard 2835 may have multiple lights
(e.g., LEDS) and a PIR (or other form of sensor). Daugh-
terboard 285 may be 1n communication with components
located on main circuit board 288. The PIR sensor or other
form of sensor on daughterboard 285 may sense the external
environment of device 200C through lens/button 120.

Buzzer 287, which may be activated to make noise in case
of an emergency (and when testing emergency functional-
ity), and carbon monoxide sensor 286 may be located on
main circuit board 288. Main circuit board 288 may inter-
face with one or more batteries 271, which serve as either the
primary source of power for the device or as a backup source
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of power if another source, such as power received via a wire
from the gnd, 1s unavailable. Protruding through main
circuit board may be smoke chamber 260, such that air
(including smoke 11 present 1n the external environment)
passing into enclosure 130 1s likely to enter smoke chamber
260. Smoke chamber 260 may be capped by chamber shield
289, which may be conductive (e.g., metallic). Smoke
chamber 260 may be encircled by a conductive (e.g., metal-
lic) mesh (not pictured). Enclosure 130 may be attached and
detached from surface mount plate 290. Surface mount plate
290 may be configured to be attached via one or more
attachment mechanism (e.g., screws or nails) to a surface,
such as a wall or ceiling, to remain 1n a fixed position.
Enclosure 130 may be attached to surface mount plate 290
and rotated to a desired orientation (e.g., for aesthetic
reasons). For instance, enclosure 130 may be rotated such
that a side of enclosure 130 1s parallel to an edge of where
a wall meets the ceiling in the room in which device 200C
1s installed.

FIG. 2D represents the comprehensive exploded view of
the smart combined smoke detector and carbon monoxide
detector device of FIG. 2C viewed from a reverse angle as
presented 1n FIG. 2C. Device 200D may represent an
alternate view of devices 100A, 100B, 200A, 2008, and
200C. Device 200D may include: cover grille 110, mesh
280, lens/button 120, light guide 281, button flexure 283,
main chassis 210, diaphragm 284, passive inirared (PIR) and
light emitting diode (LED) daughterboard 285, batteries
271, speaker 220, carbon monoxide (CO) sensor 286, buzzer
287, main circuit board 288, smoke chamber 260, chamber
shield 289, enclosure 130, and surface mount plate 290. It
should be understood that alternate embodiments of device
200D may include a greater number of components or fewer
components than presented in FIG. 2C.

FIG. 3 illustrates an embodiment of a smoke chamber
300. Smoke chamber 300 can represent an embodiment of
smoke chamber 260 of FIGS. 2B and 2C. As such, it should
be understood that smoke chamber 300 can be incorporated
into the devices detailed in relation to FIGS. 1A-2C or,
alternatively, could be used 1n some other form of device
that uses a smoke chamber, such as a dedicated optical
smoke detector. To be clear, an “optical smoke detector”
within this document refers to any form of smoke detector
that uses emitted and sensed EM radiation to sense the
presence of smoke. Smoke chamber 300 1s generally circular
when viewed from the top or bottom, and, 1n three dimen-
s10ms, 1s generally cylindrical. Similarly, the airspace within
smoke chamber 300 1s generally cylindrical. Such a shape
can be beneficial for a smoke chamber as 1t decreases the
regions of the airspace (e.g., elimination of corners) in which
airflow can stagnate within the smoke chamber. Smoke
chamber 300 can include: top component 310, groove 320,
bottom component 350, clips 360, rotational alignment
extrusion 370-1, and rotational alignment gap 371-1.
Coupled with smoke chamber 300 may be EM sensor 330
and EM emitters 340 (e.g., EM emitters 340-1, 340-2).

Smoke chamber 300 may include two components which
form the housing that creates an airspace that 1s substantially
isolated from exterior EM radiation. Smoke chamber 300
may 1nclude top component 310 and bottom component 350
which, following manufacturing of top component 310 and
bottom component 350, are coupled together via attachment
mechanisms. In some embodiments, the attachment mecha-
nisms are clips, such as clips 360 (e.g., clips 360-1, 360-2,
etc.). Clips 360 may be distributed around either top com-
ponent 310 or bottom component 350. In some embodi-
ments, four clips 360 are present; in other embodiments,
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tewer or greater numbers of clips 360 may be present. In the
illustrated embodiment of FIG. 3, clips 360 are non-detach-
ably attached to top component 310. When top component
310 1s rotationally aligned with bottom component 350 and
top component 310 and bottom component 350 are pushed
together, clips 360 actuate and couple top component 310
with bottom component 350. In some embodiments, clips
360 are distributed every 90° around the perimeter of top
component 310. Once coupled together via the clips, top
component 310 and bottom component 350 may be sepa-
rated again by pulling the two components apart or, 1n some
embodiments, the clips are configured to permanently
engage such that top component 310 and bottom component
350 cannot be separated (without damage).

In some embodiments, rotational alignment extrusion
370-1 1s present. Rotational alignment extrusion 370-1 may
be part of etther top component 310 or bottom component
350. In the 1llustrated embodiment of smoke chamber 300,
rotational alignment extrusion 370-1 1s part of top compo-
nent 310. Rotational alignment extrusion 370-1 may serve to
ensure that, when top component 310 1s coupled with bottom
component 350, the two components are properly rotation-
ally aligned. Rotational alignment extrusion 370-1 may,
when properly aligned, msert into rotational alignment gap
371-1 which 1s present on bottom component 350. It should
be understood that 1n other embodiments, rotational align-
ment gap 371-1 may be located on top component 310 and
rotational alignment extrusion 370-1 may be located on
bottom component 350. It 1s also possible that, in some
embodiments, more than one rotational alignment extrusion
and more than one rotational alignment gap may be present.
If multiple rotation alignment extrusions are present, the
shapes of such rotational alignment extrusions and corre-
sponding rotational alignment gaps may be distinct such that
a rotational alignment extrusion can only be inserted 1nto a
particular corresponding rotational alignment gap.

On top component 310, groove 320 may be present.
Groove 320 may be present to decrease an amount of
material necessary to mold top component 310. Top com-
ponent 310 and bottom component 350 may each be molded
out of plastic or some other material. As such, the less
material used 1n making top component 310 and/or bottom
350, the less it may cost to manufacture smoke chamber 300.

Smoke chamber 300 may be designed such that EM
sensor 330 senses EM radiation within an airspace present
within smoke chamber 300. One or more EM emutters, such
as EM emuitters 340-1 and 340-2 may be positioned to emut
EM radiation into the airspace within smoke chamber 300.
EM emitters 340-1 and 340-2 may emit EM radiation at
different wavelengths. For example, one of EM emitters 340
may emit infrared radiation while the other EM emitter may
emit blue light. EM sensor 330 may only detect emitted EM
radiation when particulate matter 1s present within smoke
chamber 300 to deflect such emitted EM radiation into a
fiecld of view of EM sensor 330. While the illustrated
embodiment of smoke chamber 300 uses two EM emutters,
it should be understood that other embodiments of smoke
chamber 300 may be configured for more than two EM
emitters or a single EM emitter. Similarly, smoke chamber
300 1s illustrated as having only a single EM sensor 330
partially inserted into smoke chamber 300. Other embodi-
ments may use multiple EM sensors.

Greater detail regarding embodiments of top component
310 1s provided in relation to FIGS. 4-7. Greater detail
regarding embodiments of bottom component 350 1s pro-
vided 1n relation to FIGS. 4, 5, and 8-11.
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FIG. 4 1illustrates smoke chamber 400 separated into
constituent parts. It should be understood that smoke cham-
ber 400 can represent smoke chamber 300 separated 1nto its
constituent parts and/or can represent any other smoke
chamber discussed in this document. Smoke chamber 400 1s
decoupled 1nto 1ts constituent parts: top component 310 and
bottom component 350. Also illustrated 1n embodiment 400
are EM emitters 340 and EM sensor 330. As detailed 1n
relation to FIG. 3, clips 360 are permanently part of top
component 310. Clips 360-1 may be configured to detach-
ably or non-detachably couple with bottom component 350
when nserted 1nto clip channels 420 (e.g., clips channels
420-1, 420-2, 420-3, etc.). When mserted into clip channels
420, clips 360 may clip to a portion of clip lip 425. It should
be understood that a clip channel may be present for each
clip of clips 360 present on top component 310.

Present on top component 310 may be airtlow fins 410.
Airflow fins may serve to channel airflow towards the center
of the airspace within smoke chamber 400. Each of airtlow
fins 410 may be radially aligned with a center point or center
axis (center axis 500 of FIG. 5B) of top component 310 (or,
more generally, smoke chamber 400). Airflow fins 410 may
be located along an airflow surface 430 of top component
310. Each airflow fin of airflow fins 410 may be curved to
tollow airtlow surface 430 and the resulting airflow path that
leads from the external environment to the airspace within
smoke chamber 400. Airtlow fins 410 may be distributed at
regular intervals around the curved airflow surface 430. The
curved airtlow surface 430 may radially curve outward from
the center or center axis of top component 310. The outer
perimeter of airtlow surface 430 may be circular, each
airflow fin may be evenly distributed on airflow surface and
radially aligned with a center axis of top component 310.
Airflow fins 410 may be sized such that, when top compo-
nent 310 1s coupled with bottom component 350, airtflow fins
410 occupy the full height of an airtlow channel between the
airspace within smoke chamber 400 and the external envi-
ronment.

In some embodiments, eight airtlow fins are present and
are equally distributed at 435° angles as measured from a
center axis of top component 310. In other embodiments, a
greater or fewer number of airflow fins may be present. In
the 1llustrated embodiment, airflow fins are either free stand-
ing (e.g., airflow fin 410-2) and molded to top component
310, molded to a clip (e.g., airflow fin 410-1 partially
molded to clip 360-1) and molded to top component 310, or
molded to a rotational alignment extrusion (e.g., airflow fin
410-3 partially molded to clip 360-3) and molded to top
component 310. As such, rotational alignment extrusion
370-1 may be positioned at a 45° angle on top component
310 relative to clips 360.

On awrflow surface 430, which 1s generally curved, a
series of steps 440 set at 90° angles or approximately 90°
angles to each other may be present. Such steps may be
circular 1n that they are concentrically arranged around a
central axis of top component 310 (central axis 599 of FIG.
5B). Steps 440 may be mterrupted at the locations where
airtlow fins 410, clips 360, and/or rotational alignment
extrusion 370-1 are molded to top component 310. Steps 440
vary i height and depth such as to mirror the radially-
outward curve of airflow surface 430. Circular steps 440
may serve to help prevent light from the external environ-
ment from being reflected ofl of airtflow surface 430 into the
airspace of smoke chamber 400. In some embodiments, at
least ten steps are present; 1 other embodiments, twelve,
fifteen, or some smaller or greater number of steps are
present.
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Encircling the airspace within smoke chamber 400 may
be airspace ribs 450. Airspace ribs may completely encircle
the portion of the airspace housed by top component 310.
Airspace ribs 450 may serve to obscure reflection of EM
radiation incident on such airspace ribs 450 by helping to
prevent such EM radiation from being reflected back into the
airspace and, more specifically, toward EM sensor 330.
Airspace ribs may be triangular 1n that each rib includes two
flat sides that meet at an angle (the third side being part of
a curved wall that forms the airspace).

Referring now to bottom component 350, clip lip 425 may
at least partially encircle bottom component 350. Clip lip
425 may, 1n some embodiments, only be present in the
vicinity of clip channels 420 to allow clips 360 to couple
with bottom component 350. Referring to the rotational
alignment gaps, rotational alignment gap 371-1 has a dii-
terent perimeter than rotational alignment gap 371-2 such as
to correspond to a particular rotational alignment extrusion
of top component 310.

EM sensor 330 and EM emitters 340 may be partially
inserted ito bottom component 350. Anchor bay 365-1 may
receive EM sensor 330 and allow 1t to sense EM radiation
within the airspace of smoke chamber 400. Anchor bay
365-2 may receive EM emitter 340-1 and allow 1t to emut
EM radiation imto the airspace of smoke chamber 400.
Anchor bay 365-3 may receive EM emitter 340-2 and allow
it to emit EM radiation into the airspace of smoke chamber
400. Anchor bays 365 may be sized such that EM sensor 330
and EM emitters 340 fit tightly to limit EM leakage of EM
radiation 1nto or out of the airspace of smoke chamber 400
between an edge of anchor bays 365 and EM sensor 330 and
EM emitters 340.

Present at and around a center point of bottom component
350 may be dust collector 460. Dust collector 460 may be
positioned directly below a center point of where the emitted
EM radiation from EM emitters 340 intersects the field of
view ol EM sensor 330. Dust collector 460 may be a
depressed portion of bottom component 350. Dust collector
460 may be below a field of view of the EM sensor. In some
embodiments, dust collector 460 may be a pentagonal shape;
in other embodiments, other shapes, such as a circular shape,
may be used. Dust collector 460 may serve to collect any
small particles that have entered smoke chamber 400 and
have settled (1.e. are no longer suspended in air). Dust
collector 460 may help prevent such particles from interfer-
ing with or causing a false positive of smoke detection by
deflecting EM radiation emitted by EM emitters 340.

FIGS. SA and 5B 1llustrate a cross section of an embodi-
ment of the smoke chamber of FIGS. 3 and 4. The embodi-
ments of smoke chambers 500A and 5008, which represent
cross sections of the previously detailed smoke chambers
300 and 400, are discussed 1n parallel below. The features
discussed in relation to smoke chambers 500A and 500B
may be present 1n any of the detailed smoke chambers within
this document. Smoke chambers 500A and 5S00B are shown
with the top component and bottom component coupled. The
three-dimensional airspace 580, loosely outlined 1n FIG. 5B,
represents the airspace present within smoke chambers
500A and 500B.

Top platter 510 serves as the ceiling of smoke chambers
500A/500B. The exterior surface of top platter 510 may
generally be flat. This allows a flat metallic cap to be placed
against top platter 510 to help 1solate all EM sensors from
external EM radiation. The radial outward curve of airtlow
surface 430 1s readily available 1n the cross-section of FIG.
5A. Further, as can be seen, steps 440 are located upon the
surface of airtlow surface 430. Also clearly visible 1s groove
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320 which encircles top platter 510. Airflow path 520 for
airflow 1nto and out of airspace 580 1s represented by a
dotted arrow. It should be understood that this path for
airtlow generally encircles airspace 580. The path for airtlow
may be interrupted by structures such as clips 360, airflow
fins 410, and rotational alignment extrusions 370.

In order to maintain a high level of airflow, a minimum
width for the airflow path may be maintained between
airflow surface 430 and airflow surface 530. For instance,
the minimum height of the airtlow channel may be 3 mm.
Theretore, at locations such as 521 and 522, the distance
between atrtlow surface 430 and airflow surtface 530 may be
at least 3 mm. In other embodiments, a smaller or greater
minimum distance between the two airflow services may be
maintained. Further, airflow surfaces 430 and 530 are posi-
tioned relative to each other such that a direct path does not
exist for light from the external environment to enter air-
space 380 (or, if 1t does exist, allows for very little light to
enter the airspace).

While airflow surface 430 1s covered 1n a series of steps
440, airflow surface 530 may not be covered in such steps.
This may allow stray EM radiation from within airspace 580
to more readily be reflected off airflow surface 530 out of
airspace 580. Therefore, while the step surface of airtlow
surface 430 1s intended to prevent EM radiation from
entering smoke chamber 500, airflow surface 530 may be
curved to promote EM radiation to reflect off the surface of
airflow surface 530 and exit smoke chamber S00A/500B. In
some embodiments, airtlow surface 530 1s polished to pro-
mote reflection out of the smoke chamber.

In some embodiments, at least a portion of airflow surface
530 and interior surface 531 1s polished. By having these
surfaces polished, reflections on such surfaces may be more
predictable and can more consistently be handled, thus,
helping to limit false positive detections of smoke.

Offset angle 550 represents an oflset angle between an
emission path of emaitter 340-1 and the field of view of the
EM sensor. It may be desirable for such an offset angle to be
present such that each EM emitter of EM emitters 340 does
not directly emit EM radiation 1nto a field of view of the EM
sensor. Rather, EM radiation needs to be deflected off
particulate matter, such as smoke, 1n order to be sensed by
an EM sensor. The offset angle can affect performance of
when smoke 1s detected within smoke chamber S00A/500B.
In some embodiments, oflset angle 550 between the EM
emitters and the EM sensor 1s 40°. In such embodiments, the
EM emitters are symmetrically offset at an from the EM
sensor. At such an offset angle, a large amount of discrimi-
nation between particle sizes less than 300 nanometers may
be attained. Within a range of approximately 35° to 45° has
been found to be eflective for forward scatter sensing of
smoke particulate matter.

The bottom component of smoke chamber 500a may have
emitter/sensor holders, such as emitter/sensor holder 540-1.
Emitter/sensor holder 540-1 may serve to hold and anchor
one or more leads of an EM sensor or EM emitter, such as
EM emitter 340-1. Emitter/sensor holder 540-1 may serve to
help hold EM emitter 340-1 1n place such that E

EM emitter
340-1 remains properly inserted within 1ts anchor bay.
Emitter/sensor holders 540 may have gaps that receive leads
of EM sensors and emitters. Once inserted, friction and/or
the emitter/sensor holder partially deforming, may help hold
the sensor/emitter 1n place.

Further, in FIG. 3B, central axis 399 1s represented. This
axis represents the center of the top and bottom components.
Various components of both the top and bottom components
are arranged 1n concentric patterns about central axis 599.
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FIG. 6 1llustrates an angular projection of an embodiment
of a top component 600 of the smoke chamber. Top com-
ponent 600 1s shown 1mverted 1n FIG. 6. Top component 600
may represent any of the previously detailed top components
of the various detailed smoke chambers or any other top
component discussed 1n this document. Visible 1n top com-
ponent 600 are pyramidal extrusions 610. Pyramidal extru-
sions 610 may serve to limit reflection of EM radiation
incident on the internal top surface of top component 600.
Pyramidal extrusions 610 may have three or four sided
extrusions. Pyramidal extrusions 610 may be arranged in
roughly a circular pattern around a center point of top
component 600. Dozens or hundreds of pyramidal extru-
sions 610 may be present. Pyramidal extrusions 610 may be
molded as part of top component 600 (as may all other
components of top component 600). While the extrusions
are pyramidal in the illustrated embodiment of FIG. 6, 1t
should be understood that the extrusions may be in some
other shape (e.g., conical) and serve a similar purpose of
limiting reflected EM radiation.

On the opposite side of top component 600 from rota-
tional alignment extrusions 370-1 1s a second extrusion
referred to as rotational alignment extrusions 370-2. In some
embodiments, rotational alignment extrusion 370-2 1s at a
180° angle to rotational alignment extrusion 370-1 around
top component 600. Rotational alignment extrusion 370-2
may be a length different from rotational alignment extru-
sion 370-1 1n order to couple with a different sized rotational
alignment gap of a corresponding bottom component. Addi-
tionally or alternatively, and as illustrated in FIG. 6, rota-
tional alignment extrusion 370-2 1s attached to a differently
shaped airflow fin 410-5. Airflow fin 410-5, rather than
mirroring the shape of the airflow path created by the airflow
surface of the corresponding bottom component, instead
forms a fin to be mnserted through a slot at a corresponding
location 1n a bottom component. As such, for top component
600 to be clipped to a corresponding bottom component, at
least rotational alignment extrusion 370-1, rotational align-
ment extrusion 370-2, and airflow fin 410-5 need to be
properly rotationally aligned with the corresponding bottom
component.

FIG. 7 1llustrates a bottom view of an embodiment of a top
component 700 of the smoke chamber. Top component 700
1s 1llustrated 1nverted. Top component 700 may represent
any of the previously detailed top components of the various
detailed smoke chambers or the top chamber of any other
smoke chamber detailed in this document. Visible in top
component 700 are pyramidal extrusions 610. In the 1llus-
trated embodiment, pyramidal extrusions 610 are arranged
in rows and columns that are angularly oflset from being
aligned with any airflow fin, such as airflow fin 410-4. In
other embodiments, pyramidal extrusions 610 may be
aligned with one or more airflow fin.

Steps 440 are visible as encircling the airflow surface of
top component 600. Steps 440 form concentric circles
around a center axis of top component 600 along the airtlow
surface, steps 440 being interrupted by airtlow fins 410 (e.g.,
410-4), clips 360, and rotational alignment extrusions 370.

In the 1llustrated view of top component 700, airspace ribs
450 can be seen as fully encircling the airspace formed by
the interior of top component 700. Airspace ribs 450 may be
parallel and concentric around the central axis (e.g., central
axis 599) of top component 700. In other embodiments,
airspace ribs may not be parallel with the central axis and/or
may not fully encircle the airspace formed by the interior of
top component 700.
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FIG. 8 illustrates an angular projection of an embodiment
of the bottom component 800 of the smoke chamber. Bottom
component 800 may represent any of the previously detailed
bottom components of the various detailed smoke chambers
or any other bottom component detailed 1n this document.
Visible 1in bottom component 800, as illustrated, are bay rib
regions 810 (e.g., bay rib regions 810-1, 810-2, 810-3). Bay
rib regions 810 may only be located above anchor bays 820,
of which 1n the illustration of FIG. 8 only anchor bay 820-1
1s visible. An anchor bay of anchor bays 820 are where EM
emitters and EM sensors are inserted in order to emit or
sense EM radiation within the airspace of the smoke cham-
ber formed by bottom component 800. Bay ribs of bay ribs
regions 810 may serve to prevent reflection of EM radiation
incident upon them. Bay ribs of bay ribs regions 810 may be
parallel to a central axis of bottom component 800, such as
central axis 599 of FIG. 3B. In other embodiments, Bay ribs
of bay ribs regions 810 may not be parallel to such a central
axis. Bay ribs of bay ribs regions 810 may be present as
opposed to a smooth, polished surface (e.g., 530) due to
constraints of the manufacturing process. As with the vari-
ous detailed top components, the various detailed bottom
components, including bottom component 800, may be
molded as a single piece of material, such as (polycarbonate)
plastic.

Depressed within the bottom internal surface of bottom
component 800 may be bottom channels 830. A stand-alone
bottom channel 830-1 may be present for the EM sensor
(which 1s to be inserted in anchor bay 820-1). Bottom
channels 830-2 and 830-3 may meet and merge away from
the anchor bays for the EM emitters. Bottom channels 830
may be depressed so as to decrease a likelihood that a
buildup of particulate matter (e.g., dust) affects sensing of
EM radiation within the smoke chamber. The surface of
bottom channels 830 may be polished. Each of bottom
channels 830 may be directed from 1ts respective anchor bay
toward the central axis of bottom component 800. Bottom
channels 830 may end and meet at dust collector 460.
Internal surface 840, like airflow surface 530, may be
smooth and polished. Embodiments are possible 1n which
internal surface 840 may be rough to obscure retlections.

FIG. 9 illustrates a top view of an embodiment of the
bottom component 900 of the smoke chamber. Bottom
component 900 may represent any of the previously detailed
bottom components of the various detailed smoke chambers.
Visible i FIG. 9 are rotational alignment gaps 371. Rota-
tional alignment gap 371-1 1s configured to receive an
extrusion, while rotational alignment gap 371-2 i1s config-
ured to receive a rotational alignment extrusion and elon-
gated fin. Such rotational alignment gaps allow bottom
component 900 to be coupled with a top component in one
particular rotational alignment. Also visible 1 bottom com-
ponent 900 are bottom channels 830. In the illustrated
embodiment of bottom component 900, two bottom chan-
nels for EM emitters are present and a single channel for an
EM sensor 1s present. EM channels 830-2 and 830-3 are
aimed towards a center axis of bottom component 900.
Wedge 1solator 910 1s a piece of matenal (e.g., part of the
molded bottom component 900) that helps i1solate the two
EM emitter anchor bays from each other. Just as a vertical
oflset angle 350 was discussed 1n relation to FIG. 5A, a
horizontal oflset angle may be present between the two
emitter anchor bays. Horizontal ofiset angles 920 (920-1,
920-2) are 1n a plane perpendicular to central axis 599. In
some embodiments, each of these angles 1s 20 degrees.
Offset angles 920 may be the same or may be different
angles. Various embodiments may have any angle between
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10 and 35 degrees for each of offset angles 920. The angles
of 920-1 and 920-2 may vary from each other.

FIG. 10 1llustrates a side view of an embodiment of the
bottom component 100 of the smoke chamber. Bottom
component 1000 may represent any ol the previously
detailed bottom components of the various detailed smoke
chambers. FIG. 11 illustrates an angular view of an embodi-
ment of the bottom component 1100 of the smoke chamber.
Bottom component 1100 may represent any of the previ-
ously detailed bottom components of the various detailed
smoke chambers. Bottom components 1000 and 1100 are
described together as follows. Emitter/sensor holder 540-3
serves to hold an EM sensor in place such that the sensor’s
field of view 1s through aperture 1010 and therefore has a
view ol the airspace within the smoke chamber formed using
bottom component 1000. Aperture 1010 1s rectangular in
shape within the circular opening of anchor bay 365-1.
Aperture 1010 may be adjusted in height and width to
control the field of view of the EM emitter inserted within
the circular opening of anchor bay 3635-1. While the illus-
trated embodiment 1s focused on an EM sensor, a similar
aperture may be present for one or more of the anchor bays
tfor EM emitters. Each EM emitter anchor bay may have a
same aperture as 1010, may have an aperture specific to the
EM emitters, or may have an aperture selected for the
specific wavelength of the EM radiation emitted by the
particular EM emitter (that 1s, the aperture used for each EM
emitter may vary). In other embodiments, the apertures
and/or the aperture for either or both of the EM emitters may
be another shape, such as circular, square, oval, efc.

Also present within anchor bay 365-1 may be crush ribs
1020 (e.g., crush rib 1020-1, 1020-2). Crush ribs 1020 may
help secure an inserted EM sensor within the opening of
anchor bay 365-1. When an EM sensor 1s inserted into the
circular opening, crush ribs 1020 may be partially deformed
and may exert pressure and cause iriction on the EM sensor.
Theretore, emitter/sensor holder 540-3 and crush ribs 1020
may function in concert to hold an EM sensor in place. It
should be understood that other anchor bays 365 (e.g., for
EM emitters) may have similar arrangements of crush ribs.
In the illustrated embodiment, three crush ribs 1020 are
equally distributed at 120 degree angles around the circular
opening ol anchor bay 365-1; 1t should be understood that 1n
other embodiments, fewer or greater numbers of crush ribs
1020 may be used for securing the EM sensor.

FIG. 12A 1llustrates an embodiment of a mesh 1200A that
can be wrapped around the various detailed embodiments of
smoke chambers to prevent large particulate matter (e.g.,
bugs, dust) from entering the smoke chamber. Such large
particulate matter, if 1n the smoke chamber, may result in a
talse detection of smoke, leading to an alarm being sounded
when no smoke or fire 1s present. Referring to FIGS. SA and
5B, mesh 1200A may be wrapped around smoke chambers
500A/500B such that airtlow path 520 1s fully encircled by
mesh 1200A. As such, all airflow entering (and exiting)
interior 580 passes through mesh 1200A. Chamber shield
may 1nclude one or more solder tabs to allow mesh 1200A
to be attached by solder to a circuit board.

Mesh 1200A may be conductive. More specifically mesh
1200A may be metallic. Mesh 1200A 1s further represented
by first mesh end 1200B of FIG. 12B and second mesh end
1200C of FI1G. 12C. First mesh end 12008 (which represents
the leit end of mesh 1200A) contains tab joint 1201 which
1s configured to receive tab 1202 of second mesh end 1200C
(which represents the right end of mesh 1200A) when mesh
1200A 1s wrapped around a smoke chamber. While tab 1202

and tab joimnt 1201 represent one possible embodiment of
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how the ends of mesh 1200A can be joined together, 1t
should be understood that other attachment methods and/or
mechanisms can be used (e.g., glue, clips, etc.). Present on
mesh 1200A and visible on first mesh end 12008 and second
mesh end 1200C 1s a hexagonal mesh pattern 1203 that
allows substantial airtlow through mesh 1200A. Each hex-
agonal mesh hole may be between 0.1 mm and 2 mm 1n
average width. It should be understood that other mesh
patterns are possible, including circular mesh patterns, rect-
angular mesh patterns, etc.

Mesh 1200A may function in concert with chamber shield
289, which can serve as a conductive (e.g., metallic) cap
over the smoke chamber. A conductive base, which may be
a field of solder present on an underlying circuit board or a
conductive barrier similar to chamber shield 289, may be
present on the opposite side of a smoke chamber such that
the smoke chamber 1s surrounded by a conductive barrier.
This conductive barrier, which serves as a Faraday cage, can
serve to decrease an amount of EM noise (generated by
external sources) sensed by the EM sensor present within the
smoke chamber. Mesh 1200A may be manufactured as a
single piece of metal that includes a chamber shield 289. A
tab may be bent such to allow chamber shield 289 to be
placed atop a smoke chamber.

In some embodiments, mesh 1200A 1s connected with
chamber shield 289 by the two components being formed
from a single piece of metal and connected via tab 1205.
Chamber shield 289 may be folded over the top of a smoke
chamber while the remainder of the mesh 1200A 1s wrapped
around the smoke chamber. In some embodiments, on the
opposite side of the smoke chamber from chamber shield
289, the smoke chamber may not be fully encased in a
conductive shield. Rather, only a portion of the smoke
chamber proximate to the location of the EM sensor may be
wrapped 1n a conductive material. Such an arrangement may
decrease the total amount of conductive maternial that needs
to be used to eflectively provide a Faraday cage around the
EM sensor.

Different types of fires can produce particulate matter of
different sizes. For instance, a highly energetic flaming fire
may tend to produce smaller smoke particles while a less
energetic, smoldering fire may tend to produce larger smoke
particles. It 1s important for a smoke detector to be able to
detect all of such types of fires early enough (e.g., to allow
persons to escape the situation, protect private property from
burning). To be able to do so eflectively, using multiple
wavelengths of light within a smoke chamber may be
beneficial. That 1s, certain wavelengths of light may work
better for detecting particulate matter of certain size ranges,
as the closer match between wavelength and mean particle
s1ze can result 1n higher scattering efliciency. For instance,
infrared light may work well for large smoke particles while
blue light may work well for smaller smoke particles.

Inside a smoke chamber there can be a large number of
smoke particles, encompassing a multitude of shapes, com-
positions, and sizes. Therefore, density distributions can be
used to model the size, shape, and permittivity of the
particulate matter. The shape and permittivity of the smoke
chamber itsell, as well as the spectral characteristics of the
EM emitter(s) and EM sensor (e.g. photodetector), all play
a role 1 how much retlected or deflected EM radiation can
be detected by the EM sensor.

In general, smoke produced by a specific material (e.g.,
liquid fuel, paper, cotton, wood) has a characteristic density
distribution. The presence of flames (flaming fires) or lack
thereol (smoldering fires) and the environmental conditions
(e.g., humidity, temperature) have a direct influence on the
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thermodynamic environment of the event and can aflect the
transport of smoke particulate matter. At one extreme,
smoke can be very energetic and quickly propagate through
an environment and find 1ts way to a smoke detector device
quickly. On the other end of the spectrum, some smoldering
fires can produce large quantities of low energy smoke that
stratifies near or several feet above a floor of a room and a
significant amount of time can elapse before enough smoke
particles propagate far enough to reach the smoke detector.

By using multiple wavelengths of EM radiation to detect
smoke particles, it can become possible (up to a point) to
differentiate between different kinds of fires by creating
incident fields centered at specific wavelengths. For
instance, using EM radiation at significantly different wave-
lengths (e.g., wavelengths near the opposite ends of the
visible light spectrum, such as blue and infrared EM radia-
tion), 1t may be possible to identily the type of fire causing
the smoke.

The smoke chambers, along with the EM emitters and EM
sensors, previously detailed can be used to perform various
methods of smoke detection. Various methods may mvolve
using multiple EM emitters 1n combination with an EM
sensor and an embodiment of a smoke chamber as previ-
ously detailed in relation to FIGS. 3-12. Referring to FIG.
2C, device 200C may perform the methods of FIGS. 13-16.
Other forms of devices, such as a dedicated smoke detector
having a smoke chamber, may perform the methods of
FIGS. 13-16. As detailed 1n relation to FIG. 17, a system that
includes a smoke chamber, two (or more) EM emitters, an
EM sensor, and a processing system may perform the
methods of FIGS. 13-16. In some embodiments, system
1700 of FIG. 17 may be part of device 200C.

FIG. 13 illustrates an embodiment of a method 1300 for
using two modes for monitoring for smoke in a smoke
chamber. “Mode” refers to a state of the device controlled by
an on-board processing system of the device. Based on the
device’s mode, the multiple (1.e., two or more) EM emitters
may emit light 1n different patterns. In some modes, only a
single EM emutter 1s used and the other EM emitter(s) 1s/are
disabled. In some modes, a frequency of enabling of the EM
emitters 1s controlled. Generally speaking, as a level of
detected smoke 1n an environment increases and approaches
an alarm limait, the more frequently and accurately the smoke
level 1n the environment should be monitored. While the
following description focuses on enabling and disabling EM
emitters, 1t should be understood that an EM sensor’s
enablement pattern may mirror the EM emitters such that an
EM sensor 1s only powered when an EM emitter 1s 1llumi-
nated. In other embodiments, the EM sensor may remain
continuously powered and activated. In still other embodi-
ments, the EM sensor may be enabled for longer 1in duration
than the EM emuitters, but may still be disabled on a periodic
basis to save power and/or prolong the life of the EM sensor.

In reference to FIG. 13, two modes are detailed. The first
mode may be activated at the device when the detected
smoke level 1s below a defined, stored threshold level or no
smoke 1s detected. The second mode may be activated at the
device when the detected smoke level 1s above the defined,
stored threshold level or some level of smoke 1s detected.
Generally, 1t may be desirable for the device to be 1n the first
mode as compared to the second mode, because the first
mode has one or more EM emutters activated less often. By
one or more EM emitters being activated less often, less
power 1s consumed and, possibly, the lifetime of the one or
EM emitters 1s extended. For instance, an EM emuitter, which
can be in the form of a light emitting diode (LED), can be
expected to last for roughly a defined period of time before
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the EM emutter either stops functioning or 1its optical output
degrades (e.g., in intensity) such that 1t can no longer
reliably be used for the detection of smoke particles.

At block 1310, the smoke detector may be set to a first
mode. Setting the smoke detector device to a first mode may
take the form of a processing system of the smoke detector
storing an 1ndication to memory 1mndicative of the first mode
being active. The processing system may control the mul-
tiple EM emitters and EM sensor in accordance with a
sensing definition of the first mode, as defined below. The
smoke detector may be set to the first mode at block 1310
based on: previous measurements of smoke indicating that a
threshold level of smoke has not been exceeded, evaluation
ol a metric that indicates that smoke 1n the environment 1s
below a threshold, or the smoke detector recently being
activated or reset.

At block 1320, the device may monitor for smoke 1n the
first mode. In some embodiments, monitoring for smoke 1n
the first mode occurs as detailed 1n relation to method 1500
of FIG. 15: only one EM emutter 1s periodically activated for
detecting whether smoke 1s present 1n the smoke chamber
while at least one other EM emitter 1s kept disabled (except,
possibly, for periodic seli-testing). In other embodiments,
monitoring for smoke 1n the first mode occurs as detailed in
relation to method 1600 of FIG. 16: at least two EM emutters
are alternatingly used for assessing an amount of smoke 1n
the smoke chamber with a period of time being waited
between illumination with all EM emitters disabled.

At block 1330, the mode of the smoke detector may be
determined. This determination may be based on informa-
tion gathered while monitoring for smoke at block 1320.
Therefore, based on information gathered at block 1320
while monitoring for smoke, the mode of the smoke detector
at block 1330 will either be maintained by remaining 1n first
mode and returning to block 1320 or will be modified to a
second mode and method 1300 will proceed to block 1340.

To determine the mode for the smoke detector, a metric
value may be calculated. For instance, when an embodiment
of method 1600 1s being used as the first mode, equation 1
may be used to calculate a metric value for use 1 deter-
mining the mode of the smoke detector. When operating in
accordance with method 1600, with the two EM emitters
alternatingly turned on, two voltage values may be output by
the EM sensor based on EM radiation sensed when each EM
emitter 1s individually turned on. This voltage value may be
converted into dB/m.

Metric=ired *blue,,.,.;

*1red, ., .+blue Eq. 1

scaling scaling

The unit of measurement on the measured levels of
inirared (abbreviated ired) and blue light as detected by the
EM sensor can be dB/m. In equation 1, ired,_,,,, and
blue,_,;,. are scaling factors that are selected by the manu-
facturer and programming into the device to strike a balance
between alarming as early as possible when smoke 1s present
while still complying with established regulations. Since the
device can be network-enabled, 1t should be understood that
the scaling factors, along with the use of equation 1, can be
adjusted by a service provider after the device has been
installed 1n a user’s structure (e.g., home, oflice, efc.).
Theretore, the ability to accurately and quickly detect smoke
can be improved over time by providing the device with an
updated algorithm and/or scaling factors. In some embodi-
ments, the wred,_,; . scaling factor used 1s 4 and the blue,-
caling scaling factor used 1s 1.

Metric 1s a function of time (that 1s, the calculated value
of Metric will change as additional measurements are made

at block 1320 at different times). The value of Metric can be
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expected to increase rapidly or slowly, depending on the
type of fire and other environmental conditions. The 1nstan-
taneous value of Metric can be compared against one or
more predefined thresholds. The results of these compari-
sons may be fed into mdividual rolling windows for evalu-
ation ol whether an alarm should be output, a warning
should be output, or other action should be taken. When a
large enough number of positives has been detected 1n a
given window, a corresponding action i1s performed. For
example, a positive mput (e.g., 1) may be entered into a
sliding window calculation when the calculated metric 1s
greater than a predefined threshold value, such as 0.15. A
negative mput (e.g., 0) may be entered into the sliding
window calculation when the calculated metric 1s less than
0.15 or whatever the predefined threshold value 1s. When a
window target value 1s reached, such as 2 or greater, an event

may be performed.

Table 1 lists various windows that may be monitored
using the Metric value. The threshold indicates the threshold
value against which Metric 1s compared for generating a
positive or negative input to the window. The window target
value indicates a summation value that must be reached by
the summation of the entries 1n the window 1n order to
trigger a response or other form of action. Window size
indicates the number of Metric inputs that are maintained as
part of the rolling window. Window span indicates the
amount of time 1n seconds covered by the window. As an
example, as noted 1n Table 1, UT_warning requires at least
two out of five positives to yvield a true condition; otherwise
UT_warning has a false condition.

TABLE 1

Threshold Window Window Window Span

Window Name (dB/m) Target S1ze (seconds)
Monitor (fast/slow 0.1 1 5 10
sampling)

UT warning UT_threshold 2 5 10
LT warning LT threshold 5 5 10
Alarm_CO_present 0.238 6 10 20
Alarm_CO_absent 0.330 6 10 20
Alarm_exit 0.135 10 10 20

As noted 1n Table 1, similar rolling windows may be used
for determining whether other conditions are present. For
example, Alarm_CO_present may be used to determine
when to output an alarm when CO (measured using a CO
sensor and compared to a threshold value) has been 1denti-
fled as present in the environment. An alarm may be
triggered when Alarm_CO_present 1s positive. Alarm-
_CO_absent may be used to determine when to output an
alarm when CO (measured using a CO sensor) has been
identified as not being present in the environment. An alarm
may be triggered when Alarm_CO_absent 1s positive. If CO
1s measured as present in the environment, the alarm triggers
based on a lower Metric value than 11 CO 1s not present.

In Table 1, UT_warning (Upper Threshold warning) and
LT_warning (Lower Threshold warning) represent target
values associated with the 1ssuance of a warning (as opposed
to an alarm) and exiting an existing warning condition,
respectively based on the value of Metric. The number of
positives within the respective windows needed to satisiy a
warning exit criteria may be larger than that needed to
trigger a warning condition. In the case of LT_warning, a
positive would be generated when a value 1s measured
below LT_threshold; while in the case of UT_warning, a
positive would be generated when a value 1s measured above
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UT_threshold. Such an arrangement can prevent the device
from repeatedly “bouncing” between a warning and non-
warning state. Alarm_exit represents a target value associ-
ated with exiting an alarm (as opposed to a warning)
condition. The number of positives required to exit the alarm
condition may be larger than the number needed to trigger
an alarm condition, to prevent bouncing. In the case of
Alarm_exit, a positive would be generated when a Metric
value 1s measured below the noted threshold for the target
number of samples within the window.

Monitor may use the Metric as evaluated 1 a rolling
window to determine a speed of sampling of red and blue
light measurements within the smoke chamber. When the
threshold 1s exceeded for the window target number of
samples within the window size, fast sampling may be
cnabled; otherwise 1t may be disabled. It should be under-
stood that the values used within Table 1 are merely exem-
plary and may be increased or decreased to alter when the

device outputs warnings and/or alarms.

For instance, windows may be monitored to determine
when an alarm should be output and when a warning should
be output. To be clear, an “alarm” refers to a condition
typically associated with a loud noise being created by a
smoke detector signaling to persons nearby that smoke 1s
present. The amount of smoke necessary for an alarm to be
triggered 1s typically defined by law or regulation. “Warn-
ing” refers to a condition that 1involves less smoke being
detected. A warning level may not be defined by law or
regulation, but may be implemented by a smoke detector
manufacturer to warn persons nearby that the level of smoke
in the environment 1s rising and that, if the smoke level
keeps rising, the alarm condition will occur. A warning may
result 1n a recorded or synthesized auditory message being
output by the smoke detector device warning the user of the
smoke level; an alarm 1s typically associated with a loud
buzzing sound.

At block 1330, if the value of Metric 1s above a particular
Metric,, ., .., such as 0.04 or 0.1; the second mode may be
entered and method 1300 proceed to block 1340. Otherwise,
method 1300 returns to block 1320. To be clear, the modes
ol operation of methods 1300 and 1400 may be calculated
separately from whether a warning or alarm threshold 1s
crossed according to the rolling windows. For instance, 1n
some embodiments, triggering of an output of either a
warning or alarm will only occur once Metric has been
sufliciently large enough 1n magnitude to already place the
smoke detector in the second mode of method 1300 or third
mode of method 1400.

At block 1340, the smoke detector may be set to a second
mode. Setting the smoke detector device to a second mode
may take the form of a processing system of the smoke
detector storing an indication to memory indicative of the
second mode now being active. The processing system may
control the multiple EM emitters and EM sensor in accor-
dance with a sensing definition of the second mode, as
defined below.

At block 1350, the device may monitor for smoke 1n the
second mode. The second mode differs in at least some
respect from the first mode. In some embodiments, if
monitoring for smoke 1n the first mode occurs as detailed 1n
relation to method 1500 of FIG. 15, monitoring for smoke in
the second mode occurs as detailed in relation to method
1600 of FIG. 16. In other embodiments, 1 monitoring for
smoke 1n the first mode occurs as detailed 1n relation to
method 1600 of FIG. 16, monitoring for smoke in the second
mode may also occur as detailed in relation to method 1600,
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but the period of time between alternating EM emissions
may be changed (e.g., decreased).

At block 1360, the mode of the smoke detector may again
be determined. This determination may be performed in the
same manner as at block 1330. Based on information
gathered while momitoring for smoke at block 1330, a
determination may be made as to whether the smoke detec-
tor should remain 1n the second mode (and return to block
1350 for additional monitoring) or the mode of the smoke
detector should be set to the first mode at block 1310.
Therefore, based on information gathered at block 1350
while monitoring for smoke, the mode of the smoke detector
at block 1360 will either be maintained by remaining in
second mode and returning to block 1350 or will be modified
to the first mode and method 1300 will proceed to block
1310. Just as at block 1330, the Metric value may be
calculated and used for determining the mode of the smoke
detector, either by direct comparison to a threshold value or
by comparing the number of times that the metric value
exceeds a threshold value during a sliding window to one or
more threshold percentages for a warning or alarm level.

FIG. 14 1llustrates an embodiment of a method 1400 for
using three modes for momtoring for smoke in a smoke
chamber. Method 1400 may be focused on a smoke detector
that uses a first mode when no smoke or very little smoke 1s
detected, a second mode when some smoke 1s detected, and
a third mode when more smoke 1s detected. Again, 1t may be
desirable for the device to be 1n the first mode as compared
to the second mode or the third mode, because the first mode
has one or EM emitters activated less often. By one or more
EM emitters being activated less often, less power 1s con-
sumed and, possibly, the lifetime of the one or EM emitters
1s extended. For instance, an EM emitter, which can be a
form of light emitting diode (LED), can be expected to last
for about a defined period of time before the EM emitter
either stops functioning or its optical output degrades (e.g.,
in intensity) such that it can no longer reliably be used for
the detection of smoke particles. Similarly, the second mode
as detailed 1n relation to FIG. 14 may be preferable to the
third mode for the same reasons.

At block 1403, the smoke detector may be set to a first
mode. Setting the smoke detector device to a first mode may
take the form of a processing system of the smoke detector
storing an indication to memory indicative of the first mode
being active. The processing system may control the mul-
tiple EM emitters and EM sensor in accordance with a
sensing definition of the first mode, as defined below. The
smoke detector may be set to the first mode at block 1405
based on: previous measurements of smoke indicating that a
threshold level of smoke has not been exceeded, evaluation
of Metric that indicates that smoke in the environment is
below a low threshold (e.g., 0.04), or the smoke detector
recently being activated or reset.

At block 1410, the device may monitor for smoke i the
first mode. In some embodiments, monitoring for smoke 1n
the first mode occurs as detailed 1n relation to method 1500
of FIG. 15—that 1s only one EM emitter 1s periodically
activated for detecting whether smoke 1s present in the
smoke chamber while at least one other EM emuitter 1s kept
disabled (except, possibly, for periodic testing). For
instance, the first mode may mnvolve an infrared emitter
being activated to permit sampling once every ten seconds.
The other emitter(s) may remain disabled, besides for a
periodic test. In other embodiments, monitoring for smoke
in the first mode occurs as detailed 1n relation to method
1600 of FIG. 16—that 1s, at least two EM emitters are
alternatingly used for assessing an amount of smoke 1n the
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smoke chamber with a period of time being waited between
illumination with all EM emuitters disabled. For instance,
both infrared and blue emitters and an EM sensor may be
activated to allow for sampling of each to occur once every
ten seconds or some other time period. The amount of time
between the red and blue emitters being enabled may be a
time such as 12.45 msecs. Other times may also be possible,
such as between 5 msecs and 1 second, depending on the
characteristics of the emitters and sensor.

At block 1415, the mode of the smoke detector may be
determined. This determination may be performed in the
same manner as detailed at block 1330 of FIG. 13. At block
1415, the Metric,, ;.- value used may be 0.04. Theretore,
i Metric 1s greater than 0.04, the second mode may be
entered. Based on information gathered while monitoring
for smoke at block 1410, a determination may be made as to
whether the smoke detector should remain in the first mode
(and return to block 1410 for additional monitoring) or the
mode of the smoke detector should be set to the second
mode (or directly jumping to the third mode) at block 14185.
Therefore, based on information gathered at block 1410
while monitoring for smoke, the mode of the smoke detector
at block 1415 will etther be maintained by remaining in the
first mode and returning to block 1410 or will be modified
to the second (or, possibly, third) mode and method 1400
will proceed to block 1420. As previously detailed, at block
1415, the metric value may be calculated and used for
determining the mode of the smoke detector, either by direct
comparison to a threshold value or by comparing the number
of times that the metric value exceeds a threshold value
during a sliding window to one or more threshold percent-
ages for a warning or alarm level. In some embodiments, the
defined threshold metric value may be 0.15 to determine 1f
the second mode should be entered.

At block 1420, the smoke detector may be set to a second
mode. Setting the smoke detector device to a second mode
may take the form of a processing system of the smoke
detector storing an indication to memory indicative of the
second mode being active. The processing system may
control the multiple EM emitters and EM sensor in accor-
dance with a sensing definition of the second mode, as
defined below.

At block 1425, the device may monitor for smoke 1n the
second mode. In some embodiments, monitoring for smoke
in the second mode occurs as detailed 1n relation to method
1600 of FIG. 16—that 1s, at least two EM emitters are
alternatingly used for assessing an amount of smoke 1n the
smoke chamber with a period of time being waited between
illumination with all EM emitters disabled. The second
mode may be assigned a defined wait period of time, which
may 1ndicate an amount of time that 1s waited between the
EM emitters being intermittently activated.

At block 1430, the mode of the smoke detector may be
determined. This determination may be performed in the
same manner as previously detailed at block 1330 of FIG.
13. Based on information gathered while monitoring for
smoke at block 14235, a determination may be made as to
whether the smoke detector should remain 1n the second
mode (and return to block 1425 for additional monitoring) or
the mode of the smoke detector should be set to the third
mode or the first mode. Therefore, based on information
gathered at block 1425 while monitoring for smoke, the
mode of the smoke detector at block 1430 will either be
maintained by remaining in the second mode and returning
to block 1410 for the first mode, or will be set to the third
mode and method 1400 will proceed to block 14335. As

previously detailed, at block 1430, the metric value may be
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calculated and used for determining the mode of the smoke
detector, either by direct comparison to a threshold value or
by comparing the number of times that the metric value
exceeds a threshold value during a sliding window to one or
more threshold percentages for a warning or alarm level. In
some embodiments, 1f Metric 1s less than a threshold o1 0.04,
the first mode may be entered, if Metric 1s between thresh-
olds of 0.04 and 0.1, the second mode may remain being
used, and 11 Metric 1s greater than a threshold 01 0.1, the third
mode may be entered. It should be understood that the
various values for such thresholds are merely exemplary.

At block 1435, the smoke detector may be set to a third
mode. Setting the smoke detector device to the third mode
may include the processing system of the smoke detector
storing an indication to memory indicative of the second
mode being active. The processing system may control the
multiple EM emitters and EM sensor in accordance with a
sensing definition of the second mode, as defined below. For
instance, 1n the third mode both infrared and blue emitters
may be activated to allow for sampling of each once every
two seconds or some other time period. The amount of time
between the red and blue emitters being enabled may be a
time such as 12.45 msecs. Other times are also possible,
such as between 5 msecs and 1 second, depending on the
characteristics of the emitters and sensor. The time period of
the third mode can be expected to be less than the time
period of the second mode.

At block 1440, the device may monitor for smoke 1in
accordance with the third mode. In some embodiments,
monitoring for smoke 1n the third mode occurs as detailed in
relation to method 1600 of FIG. 16—that 1s, at least two EM
emitters are alternatingly used for assessing an amount of
smoke 1n the smoke chamber with a period of time being
waited between 1llumination with all EM emitters disabled.
The third mode may include a defined wait period of time,
which may indicate an amount of time that 1s waited
between the EM emitters being intermaittently activated. The
defined wait period of time for the third mode may be shorter
in duration than the defined period of time for this second
mode.

At block 1445, the mode of the smoke detector may again
be determined. This determination may be performed in the
same manner as previously detailed at block 1330 of FIG.
13. Based on information gathered while monitoring for
smoke at block 1440, a determination may be made as to
whether the smoke detector should remain 1n the third mode
(and return to block 1440 for additional monitoring) or the
mode of the smoke detector should be set to the second
mode or the first mode. Therefore, based on information
gathered at block 1440 while monitoring for smoke, the
mode of the smoke detector at block 1445 will either be
maintained by remaining in the third mode, return to block
1410 for the first mode, or be set to the second mode at block
1420. As previously detailed, at block 1430, the Metric value
may be calculated and used for determining the mode of the
smoke detector, either by direct comparison to one or more
threshold values or by comparing the number of times that
the metric value exceeds one or more threshold values
during a sliding window as compared to one or more
threshold percentage values for warning or alarm levels. In
some embodiments, 1f Metric 1s less than a threshold o1 0.04,
the first mode may be entered, if Metric 1s between thresh-
olds of 0.04 and 0.1, the second mode may be used, and 1f
Metric 1s greater than a threshold of 0.1, the third mode may
be used.

The smoke detector device that performs method 1400
may be configured to output a warning (an indication that a
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smoke level 1s rising but has not yet triggered an alarm) and
an alarm. The third mode (which results 1n the fastest rate of
sampling) may be triggered at a lower smoke level than the
warning level. Therefore, by the time the smoke detector
device outputs an auditory warning of an increasing smoke
level, the smoke detector device may have already moved
from the first mode, to the second mode, and then to the third
mode due to the detected level of smoke. Rolling windows,
as previously detailed, may be used to determine whether a
warning or an alarm should be output based on the Metric
value.

It should be noted that, throughout this document, refer-
ence 1s made to “first” and “second” modes. Reference 1s
also made to “first” and “second” emitters. These designa-
tors are not meant to confer any necessary order or sequence
to use of the modes and/or emitters. Rather, these numerical
designators are merely intended for clarity as to which mode
or emitter the document 1s currently referring.

FIG. 135 1llustrates an embodiment of a method 1500 for
performing a mode for detecting smoke 1n a smoke chamber.
For example, method 1500 may be used as the first mode 1n
methods 1300 and/or 1400. As mentioned in relation to
FIGS. 13 and 14, while the following description focuses on
enabling and disabling EM emutters, 1t should be understood
that an EM sensor’s enablement pattern may mirror the EM
emitters such that an EM sensor 1s only powered when an
EM emitter 1s i1lluminated. In other embodiments, the EM
sensor may remain continuously powered and activated. In
still other embodiments, the EM sensor may be enabled for
longer 1n duration than the EM emitters, but may still be
disabled on a periodic basis to save power and/or prolong the
life of the EM sensor. Typically, method 1500 corresponds
to a situation where no or very little smoke has been detected
by the smoke detector. Of the various modes detailed 1n this
document, method 1500 can result 1n the least amount of
power being consumed and/or EM emitters being, 1n total,
illuminated for the least amount of time (thereby prolonging
their collective functional lives).

At block 1505, a first EM emutter 1s activated. In some
embodiments, the first EM emuitter 1s an infrared EM emutter.
An 1infrared EM emitter may be used as the first EM emutter
because infrared EM emitters may tend to have a longer
lifespan than at least some other types of EM emitters, such
as blue light EM emitters. The first EM emitter may be
activated for a defined period of time. During this period of
time, each other EM emitter present in the smoke chamber
1s disabled such that the first EM emitter 1s the only EM
emitter outputting EM radiation. During this period of time
when the first EM emuitter 1s active at block 1505, an EM
sensor may make a measurement as to an amount of EM
radiation sensed at block 1510. Since the measurement
occurs within a smoke chamber designed to eliminate or
nearly eliminate the presence of light from the external
environment, any light sensed by the EM sensor would most
likely be generated by the first EM emitter and, 11 a signifi-
cant amount of EM radiation 1s detected, would have been
scattered by particulate matter present within the smoke
chamber.

At block 1515, it may be evaluated whether the mode of
the smoke detector has changed. This evaluation may rep-
resent one of the previous decision blocks, such as block
1330, where the mode of the smoke detector 1s reevaluated
while the first mode 1s currently active. If the mode 1s
determined to have changed, based on the measurements
sensed at block 1510, the first mode may be changed to some
other mode (such as a second or third mode detailed 1n

relation to FIG. 16). If the determination at block 15135
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results 1n the first mode being maintained, method 1500 may
proceed to block 1520. At block 1520, a period of time may
be waited during which all EM emitters are disabled. This
period of time may be 1985 milliseconds (msecs) 1n duration
when a two second sampling rate 1s 1n effect. Of course, 1n
other embodiments, this period of time may be longer of

shorter, such as any value between 1000 msecs and 3000
msecs.

Following block 1520, method 1500 may return to block

1505. To be clear, the second EM emitter of the device may

not be activated for smoke detection in method 1500.
Therefore, 1 method 1500 1s used for an extended period of
time (which may be typical if smoke 1s very inifrequently
determined to be present at block 1515), the second (and/or

third) EM emitter may not be used for smoke detection very

often. While the second EM emitter may not be used for

smoke detection 1n method 1500, periodically, the device
performing method 1500 may perform a test of a second EM
emitter. For example, during block 1520, the second EM
emitter may be occasionally activated. For mstance, 1n some
embodiments, the second EM emitter, which may emit blue
light, may be activated once every 200 seconds. In other
embodiments, the test period may be other than 200 seconds;
for mstance, the test period may be any time between 5 and
5000 seconds. If the second EM emitter 1s functioning
properly, the EM sensor may be able to detect a small
amount of EM radiation within the smoke chamber, even 1f
no particulate matter 1s present to deflect the EM radiation
emitted by the second EM emitter. That 1s, the smoke
chamber 1tself may cause a small amount of EM radiation
from the active second EM emutter to be detlected/reflected
into the EM sensor. If, during this test, at least a test
threshold amount of :’\/I radiation 1s determined to have
been sensed by the EM sensor, the second EM emitter 1s
assumed to be functioning properly. While method 1500
does not use the second EM emitter for sensing smoke,

method 1500 permaits such a periodic test of the second EM
emitter to ensure proper functionality.

A similar test may be performed for the first EM emitter
as part of block 1510. Since the first EM emitter 1s periodi-
cally active during method 1500, the smoke chamber itself
may cause a small amount of EM radiation from the active
first EM emitter to be detlected/retlected into the

EM sensor.
I1, during block 1510, at least a test threshold amount of EM
radiation 1s determined to have been sensed by the EM
sensor, the first EM emitter 1s assumed to be functioning
properly. Different test thresholds may be used for each EM
emitter, depending on the wavelength of output EM radia-
tion. Therefore, a diflerent test threshold may be used for
blue light as compared to infrared EM radiation.

FIG. 16 1llustrates an embodiment of a method 1600 for
performing a mode for detecting smoke within a smoke
chamber. For example, method 1500 may be used as the first
and second mode 1n method 1300, just the second mode 1n
method 1300, all of the modes 1n method 1400, or the second
two modes of method 1400. As mentioned 1n relation to
FIGS. 13-15, while the following description focuses on
enabling and disabling EM emutters, 1t should be understood
that an EM sensor’s enablement pattern may mirror the EM
emitters such that an EM sensor i1s only powered when an
EM emitter 1s 1lluminated. In other embodiments, the EM
sensor may remain continuously powered and activated. In
still other embodiments, the EM sensor may be enabled for
longer in duration than the EM emutters, but may still be

disabled on a periodic basis to save power and/or prolong the
life of the EM sensor.
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Method 1600 can be used 1n the form of multiple modes
by varying the period of time at block 1635. For instance, i
method 1600 1s used as both modes 1n method 1300, for the
first mode, method 1600 may have a wait time at blocks
1615 and/or 1635 that 1s double or triple the wait time used
in the second mode version of method 1600. As such, a large
number of modes can be created using method 1600 simply
by varying the wait time of blocks 1615 and/or 1635.

At block 1605, a first EM emuitter 1s activated. In some
embodiments, the first EM emitter i1s an infrared EM emuitter;
in others, 1t 1s a blue light emitter. The first EM emitter may
be activated for a defined period of time. During this period
of time, each other EM emitter present in the smoke cham-
ber 1s disabled such that the first EM emutter 1s the only EM
emitter outputting EM radiation. During this period of time
when the first EM emuitter 1s active at block 1605, an EM
sensor may make a measurement as to an amount of EM
radiation sensed at block 1610. Since the measurement
occurs within a smoke chamber designed to eliminate or
nearly eliminate the presence of light from the external
environment, any light sensed by the EM sensor would most
likely be generated by the first EM emitter and, 11 a signifi-
cant amount of EM radiation 1s detected, would have been
scattered by particulate matter present within the smoke
chamber.

At block 1615, a period of time may be waited during
which all EM emitters are disabled. This period of time may
be 12.45 msecs i duration. The time period allocated for
block 1615 may be required to be long enough to allow a
smooth on-to-ofl transition for the active emitter (e.g.,
accounting for worst case transients). Other embodiments 1n
which the period of time 1s longer or shorter in duration may
also be possible, such as between 6-20 msecs. depending on
the characteristics of the emitter.

At block 1620, the second EM emuitter 1s activated. The
second EM emitter may be activated for the same defined
period of time as used at block 1605 or a defined period of
time specifically assigned to the second EM emitter. During
the active period of time for the second EM emutter, each
other EM emitter present 1n the smoke chamber 1s disabled
such that the second EM emitter 1s the only EM emitter
outputting EM radiation. During this period of time when
the second EM emitter 1s active at block 1620, the EM
sensor (which 1s the same EM sensor as at block 1610) may
make a measurement as to an amount of EM radiation
sensed at block 1625. Since the measurement occurs within
a smoke chamber designed to eliminate or nearly eliminate
the presence of light from the external environment, any
light sensed by the EM sensor would most likely be gener-
ated by the second EM emitter and, 11 a significant amount
of EM radiation 1s detected, would have been scattered by
particulate matter present within the smoke chamber.

At block 1630, it may be evaluated whether the mode of
the smoke detector has changed. This evaluation may rep-
resent one of the previous decision blocks, such as block
1330, where the mode of the smoke detector 1s reevaluated.
If the mode 1s determined to have changed, based on the
measurements sensed at blocks 1610 and 1625, the mode
may be changed to some other mode. It the determination at
block 1630 results 1n the first mode being maintained,
method 1600 may proceed to block 1635.

At block 1635, a period of time may be waited during
which all EM emitters are disabled. This period of time may
be 1985 msecs 1n duration for a two second sampling rate.
More time spent 1n this block means less frequent emitter
activity, leading to savings in power and to increased lon-

gevity 1n the functional lifespan of the EM emitters. Of
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course, 1n other embodiments, this period of time may be
longer of shorter, such as any value between 1000 msecs and
3000 msecs.

Following block 1635, method 1600 may return to block
1605. Since method 1600 involves both EM emitters being
activated, a dedicated test step for either of the EM emutters
1s not necessary. Rather, as previously detailed, during one
of the sensing blocks (i.e., blocks 1610 and 1625), 1t may be
determined whether at least a minmimum threshold amount of
EM radiation 1s sensed (even when no particulate matter 1s
present in the smoke chamber) due to internal retlection
characteristics of the smoke chamber. It at least a minimum
threshold amount of EM radiation 1s sensed, 1t may be
assumed that the associated EM emitter 1s functioning
properly. This minimum threshold amount 1s based on the
wavelength of EM radiation emitted by the EM emitter
and/or other characteristics of the EM emutter (e.g., field of
projection of EM radiation).

As detailed 1n relation to method 1600, multiple different
modes can be created by varying the defined period of time
used for waiting at blocks 1615 and 1635. Similarly, method
1500 of FIG. 15 can be used to create multiple modes by
varying the defined period of time used for waiting at block
1520. For example, referring to FIG. 14, the first mode may
correspond to method 1600 using a first, longer defined
period of time for block 1520 and the second mode may
correspond to method 1600 using a second, shorter defined
period of time for block 1520.

FIG. 17 illustrates an embodiment of a system 1700 that
may perform various methods of detecting smoke. System
1700 represents a simplified diagram of a system that may
be present 1n a smoke detector device, such as the smoke
detectors of FIGS. 1-2C. It should be understood that
various other embodiments of system 1700 may include
more than two EM emitters and/or may use more than one
EM sensor.

System 1700 may include: smoke chamber 1701, first EM
emitter 1710, second EM emitter 1720, and EM sensor 1730.
Smoke chamber 1701 can represent any of the various
embodiments of a smoke chamber discussed in relation to
FIGS. 2C-FIG. 12. Other embodiments of smoke chambers
may also be used as part of system 1700. First EM emutter
1710, second EM emitter 1720, and EM sensor 1730 are
shown within smoke chamber 1701—as detailed 1n relation
to FIGS. 2C—FIG. 11, such components may partially enter
smoke chamber 1701 or at least have a field of view that
extends into smoke chamber 1701. First EM emitter 1710,
second EM emitter 1720, and EM sensor 1730 may com-
municate with processing system 1740.

Processing system 1740 may control when first EM
emitter 1710, second EM emuitter 1720, and EM sensor 1730
are turned on (enabled) and turned ofl (disabled). Processing
system 1740 may enable and disable EM emutters 1710 and
1720 in accordance with methods 1300-1600. Processing
system 1740 may receive voltage measurements from EM
sensor 1730 at least when such EM emitters 1710 and 1720
are enabled.

Processing system 1740 may include one or more pro-
cessors, such as processor 1741, and non-transitory com-
puter-readable memory 1742. Therefore processing means
can involve the use of one or more processors that serve to
control first EM emuitter 1710, second EM emuitter 1720, and
EM sensor 1730 and can perform methods 1300-1600.
Memory 1742 may be used to store instructions that cause
processor 1741 (and/or any other processor) to perform
blocks of the methods 1300-1600. In some embodiments,
processor 1741 may be specialized to perform such methods
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directly. In some embodiments, firmware can be 1nstantiated
on processor 1741 to perform such methods.

FIG. 18 1llustrates an embodiment of a graph showing the
relationship between infrared and blue light measurements
by an EM sensor. The instantancous Metric 1s compared
against these thresholds to assess whether smoke has
reached warning or alarm levels. The graph of FIG. 18
shows a threshold line for an alarm and a threshold line for
a “Heads Up” message, which serves as a warning as to
rising smoke levels. In FIG. 18, 1red,, ., on the x-axis 1s
graphed against blue,_, _,. The dotted line indicates where the
combination of the measured 1red, ., and the measured
blue, ., will trigger a warning. The solid line indicates
where the combination of the measured 1red,  , and the
measured blue, ., will trigger an alarm. Therefore, when a
combination of the measured blue light by the EM sensor
and the measured infrared EM radiation by the EM sensor
results 1n a point on the graph to the night of “heads up” but
to the left of “alarm™, a positive (true) 1s input into the
warning sliding window. When a suflicient number of posi-
tives has been detected within the allotted time span of the
warning sliding window, an auditory warning (e.g., recorded
or synthesized message, tlashing or pulsing light of a par-
ticular color, such as yellow) may be output. When a
combination of the measured blue light by the EM sensor
and the measured infrared EM radiation by the EM sensor
results 1n a point on the graph to the right of “alarm™, a
positive (true) 1s mput into the alarm sliding window. When
a suilicient number of positives has been detected within the
allotted time span of the alarm sliding window, an alarm
(e.g., loud buzzer) may be sounded. The calculated value of

Metric from equation one can be used to determine if the

threshold defined by the dotted line (warning threshold) 1s
exceeded and/or the threshold defined by the solid line
(alarm threshold) 1s exceeded by defining a threshold value
for comparison with Metric and defining the scaling factors
of equation 1. Therefore, the threshold lines of FIG. 18 can
be defined by setting a threshold value for Metric and
selecting particular scaling factors for ired and blue_-

scaling

caling.

FIG. 19 illustrates an embodiment of the graph of FIG. 18
showing data points from two separate foam block fires. The
various data points presented were gathered over time. As
can be seen, the two fires have roughly the same properties
carly during the fire, but a first fire (associated with data
points 1901) caused a relative greater amount of deflected
blue light to be detected, while a second fire (associated with
data points 1902) caused a relative greater amount of
deflected infrared light to be detected. When the value of
ired,,. , and blue,,  , exceed the “headsup” threshold, a
warning may be sounded and when the value of ired,__, and
blue, ., exceed the “alarm” threshold, an alarm may be
sounded by the device.

FIG. 20 illustrates an embodiment of the graph of FIG. 19
showing data points from the two foam block fires 1n three
dimensions against time. It can be seen how as time
increases, the characteristics of the fires varied. Such vari-
ance may be due at least 1n part to differences 1n environ-
ment (e.g., temperature, humidity) and air flow conditions
due to the units locations with respect to the fire source and
to the imnherent randomness in the smoke behavior.

A computer system as 1illustrated in FIG. 21 may be
incorporated as part of the previously described computer-
1zed devices, such as the processing system of FIG. 17 or
on-board the device of FIG. 2C. FIG. 21 provides a sche-
matic 1llustration of one embodiment of a computer system
2100 that can perform various steps of the methods provided
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by various embodiments. It should be noted that FIG. 21 1s
meant only to provide a generalized illustration of various
components, any or all of which may be utilized as appro-
priate. FIG. 21, therefore, broadly illustrates how individual
system elements may be implemented 1n a relatively sepa-
rated or relatively more integrated manner.

The computer system 2100 1s shown comprising hardware
clements that can be electrically coupled via a bus 2103 (or
may otherwise be 1n communication, as appropriate). The
hardware elements may include one or more processors
2110, including without limitation one or more general-
purpose processors and/or one or more special-purpose
processors (such as digital signal processing chips, graphics
acceleration processors, video decoders, and/or the like);
one or more put devices 2115, which can include without
limitation a mouse, a keyboard, remote control, and/or the
like; and one or more output devices 2120, which can
include without limitation a display device, a printer, and/or
the like.

The computer system 2100 may further include (and/or be
in communication with) one or more non-transitory storage
devices 2125, which can comprise, without limitation, local
and/or network accessible storage, and/or can include, with-
out limitation, a disk drive, a drive array, an optical storage
device, a solid-state storage device, such as a random access
memory (“RAM?”), and/or a read-only memory (“ROM”),
which can be programmable, flash-updateable and/or the
like. Such storage devices may be configured to implement
any appropriate data stores, including without limitation,
various file systems, database structures, and/or the like.

The computer system 2100 might also include a commu-
nications subsystem 2130, which can include without limi-
tation a modem, a network card (wireless or wired), an
infrared communication device, a wireless communication
device, and/or a chipset (such as a Bluetooth™ device, an
802.11 device, a WiF1 device, a WiMax device, cellular
communication device, etc.), and/or the like. The commu-
nications subsystem 2130 may permit data to be exchanged
with a network (such as the network described below, to
name one example), other computer systems, and/or any
other devices described herein. In many embodiments, the
computer system 2100 will further comprise a working
memory 2135, which can include a RAM or ROM device,
as described above.

The computer system 2100 also can comprise software
clements, shown as being currently located within the work-
ing memory 2135, including an operating system 2140,
device drivers, executable libraries, and/or other code, such
as one or more application programs 2145, which may
comprise computer programs provided by various embodi-
ments, and/or may be designed to implement methods,
and/or configure systems, provided by other embodiments,
as described herein. Merely by way of example, one or more
procedures described with respect to the method(s) dis-
cussed above might be implemented as code and/or nstruc-
tions executable by a computer (and/or a processor within a
computer); 1n an aspect, then, such code and/or instructions
can be used to configure and/or adapt a general purpose
computer (or other device) to perform one or more opera-
tions 1n accordance with the described methods.

A set of these instructions and/or code might be stored on
a non-transitory computer-readable storage medium, such as
the non-transitory storage device(s) 2125 described above.
In some cases, the storage medium might be incorporated
within a computer system, such as computer system 2100. In
other embodiments, the storage medium might be separate
from a computer system (e.g., a removable medium, such as
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a compact disc), and/or provided 1n an installation package,
such that the storage medium can be used to program,
configure, and/or adapt a general purpose computer with the
instructions/code stored thereon. These instructions might
take the form of executable code, which 1s executable by the
computer system 2100 and/or might take the form of source
and/or 1nstallable code, which, upon compilation and/or
installation on the computer system 2100 (e.g., using any of
a variety ol generally available compilers, installation pro-
grams, compression/decompression ufilities, etc.), then
takes the form of executable code.

It will be apparent to those skilled in the art that substan-
tial variations may be made 1n accordance with specific
requirements. For example, customized hardware might also
be used, and/or particular elements might be implemented in
hardware, software (including portable software, such as
applets, etc.), or both. Further, connection to other comput-
ing devices such as network mput/output devices may be
employed.

As mentioned above, 1n one aspect, some embodiments
may employ a computer system (such as the computer
system 2100) to perform methods 1n accordance with vari-
ous embodiments of the mvention. According to a set of
embodiments, some or all of the procedures of such methods
are performed by the computer system 2100 1n response to
processor 2110 executing one or more sequences of one or
more instructions (which might be incorporated into the
operating system 2140 and/or other code, such as an appli-
cation program 2145) contained in the working memory
2135. Such nstructions may be read into the working
memory 2135 from another computer-readable medium,
such as one or more of the non-transitory storage device(s)
2125. Merely by way of example, execution of the
sequences of mstructions contained 1n the working memory
2135 might cause the processor(s) 2110 to perform one or
more procedures of the methods described herein.

The terms “machine-readable medium,” “computer-read-
able storage medium™ and “computer-readable medium,” as
used herein, refer to any medium that participates 1n pro-
viding data that causes a machine to operate 1n a specific
fashion. These mediums may be non-transitory. In an
embodiment implemented using the computer system 2100,
various computer-readable media might be mmvolved in
providing instructions/code to processor(s) 2110 for execu-
tion and/or might be used to store and/or carry such mnstruc-
tions/code. In many implementations, a computer-readable
medium 1s a physical and/or tangible storage medium. Such
a medium may take the form of a non-volatile media or
volatile media. Non-volatile media include, for example,
optical and/or magnetic disks, such as the non-transitory
storage device(s) 21235. Volatile media include, without
limitation, dynamic memory, such as the working memory
2135.

Common forms of physical and/or tangible computer-
readable media include, for example, a floppy disk, a flexible
disk, hard disk, magnetic tape, or any other magnetic
medium, a CD-ROM, any other optical medium, any other
physical medium with patterns of marks, a RAM, a PROM,
EPROM, a FLASH-EPROM, any other memory chip or
cartridge, or any other medium from which a computer can
read 1nstructions and/or code.

Various forms of computer-readable media may be
involved 1n carrying one or more sequences ol one or more
instructions to the processor(s) 2110 for execution. Merely
by way of example, the instructions may initially be carried
on a magnetic disk and/or optical disc of a remote computer.
A remote computer might load the instructions into its
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dynamic memory and send the instructions as signals over a
transmission medium to be received and/or executed by the
computer system 2100.

The communications subsystem 2130 (and/or compo-
nents thereol) generally will receive signals, and the bus
2105 then might carry the signals (and/or the data, mstruc-
tions, etc. carried by the signals) to the working memory
2135, from which the processor(s) 2110 retrieves and
executes the instructions. The instructions received by the
working memory 2135 may optionally be stored on a
non-transitory storage device 2123 either belore or after
execution by the processor(s) 2110.

It should further be understood that the components of
computer system 2100 can be distributed across a network.
For example, some processing may be performed in one
location using a first processor while other processing may
be performed by another processor remote from the first
processor. Other components of computer system 2100 may
be similarly distributed. As such, computer system 2100
may be interpreted as a distributed computing system that
performs processing 1n multiple locations. In some
instances, computer system 2100 may be interpreted as a
single computing device, such as a distinct laptop, desktop
computer, or the like, depending on the context.

The methods, systems, and devices discussed above are
examples. Various configurations may omit, substitute, or
add various procedures or components as appropriate. For
instance, i alternative configurations, the methods may be
performed 1n an order different from that described, and/or
various stages may be added, omitted, and/or combined.
Also, features described with respect to certain configura-
tions may be combined in various other configurations.
Different aspects and elements of the configurations may be
combined in a similar manner. Also, technology evolves
and, thus, many of the elements are examples and do not
limit the scope of the disclosure or claims.

Specific details are given in the description to provide a
thorough understanding of example configurations (1nclud-
ing implementations). However, configurations may be
practiced without these specific details. For example, well-
known circuits, processes, algorithms, structures, and tech-
niques have been shown without unnecessary detail 1n order
to avoid obscuring the configurations. This description pro-
vides example configurations only, and does not limit the
scope, applicability, or configurations of the claims. Rather,
the preceding description of the configurations will provide
those skilled in the art with an enabling description for
implementing described techniques. Various changes may
be made in the function and arrangement of elements
without departing from the spirit or scope of the disclosure.

Also, configurations may be described as a process which
1s depicted as a flow diagram or block diagram. Although
cach may describe the operations as a sequential process,
many of the operations can be performed in parallel or
concurrently. In addition, the order of the operations may be
rearranged. A process may have additional steps not
included 1n the figure. Furthermore, examples of the meth-
ods may be implemented by hardware, software, firmware,
middleware, microcode, hardware description languages, or
any combination thercol. When implemented 1n software,
firmware, middleware, or microcode, the program code or
code segments to perform the necessary tasks may be stored
in a non-transitory computer-readable medium such as a
storage medium. Processors may perform the described
tasks.

Having described several example configurations, various
modifications, alternative constructions, and equivalents
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may be used without departing from the spirit of the dis-
closure. For example, the above elements may be compo-
nents of a larger system, wherein other rules may take
precedence over or otherwise modily the application of the
invention. Also, a number of steps may be undertaken
betore, during, or after the above elements are considered.

What 1s claimed 1s:

1. A hazard detector, comprising:

a smoke chamber;

an electromagnetic radiation sensor positioned to receive
clectromagnetic radiation within the smoke chamber;
and

a first electromagnetic radiation emitter that emits elec-
tromagnetic radiation at a first wavelength into the
smoke chamber:

a second electromagnetic radiation emitter that emits
clectromagnetic radiation at a second wavelength into
the smoke chamber; and

a processing system that controls activation of the first
clectromagnetic radiation emitter and the second elec-
tromagnetic radiation emitter, the processing system:
operating the hazard detector in a first mode, during

which the processing system:

causes the first electromagnetic radiation emitter to
emit the first wavelength of electromagnetic radia-
tion 1nto the smoke chamber at a first periodic rate;
and

causes the second electromagnetic radiation emitter
to emit the second wavelength of electromagnetic
radiation 1nto the smoke chamber at a second
periodic rate that 1s lower than the first periodic
rate; and

operating the hazard detector 1n a second mode, during

which the processing system:

causes the first electromagnetic radiation emitter to
emit the first wavelength of electromagnetic radia-
tion 1nto the smoke chamber at a third periodic
rate that 1s lhugher than the first periodic rate; and

causes the second electromagnetic radiation emitter
to emit the second wavelength of electromagnetic
radiation into the smoke chamber at a fourth
periodic rate that 1s higher than the second peri-
odic rate.

2. The hazard detector of claam 1, wherein the second
clectromagnetic radiation emitter 1s activated in the first
mode at the second periodic rate for testing functionality of
the second electromagnetic radiation emitter.

3. The hazard detector of claim 1, wherein the first and
second electromagnetic radiation emitters are light emitting
diodes (LEDs) and the electromagnetic radiation sensor 1s a
photodiode.

4. The hazard detector of claim 1, wherein the hazard
detector 1s exclusively battery powered.

5. The hazard detector of claim 1, wherein the first
wavelength emitted by the first electromagnetic radiation
emitter 1s infrared and the second wavelength emitted by the
second electromagnetic radiation emitter 1s blue light.

6. The hazard detector of claim 1, wherein the processing
system operates the hazard detector in the second mode
based on at least a threshold amount of smoke being detected
within the smoke chamber using the electromagnetic radia-
tion sensor.

7. The hazard detector of claim 1, wherein the first
clectromagnetic radiation emitter and the second electro-
magnetic radiation emitter each have horizontal offset angles
of between 10 and 35 degrees from the electromagnetic
radiation sensor within the smoke chamber.
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8. The hazard detector of claim 1, wherein the processing
system, while 1n the second mode, further:

calculates a metric value based on a first measurement

made by the electromagnetic radiation sensor measur-
ing the first wavelength of electromagnetic radiation
and a second measurement made by the electromag-
netic radiation sensor measuring the second wave-
length of electromagnetic radiation.

9. The hazard detector of claim 8, wherein the processing,
system, 1n calculating the metric value, scales the first
measurement by a first scaling value and the second mea-
surement by a second scaling value.

10. The hazard detector of claim 9, wherein the processing
system further evaluates a rolling window of a plurality of
metric values, comprising the metric value, to determine
whether to activate an alarm of the hazard detector.

11. The hazard detector of claim 1, wherein the fourth
periodic rate 1s the same as the third periodic rate.

12. A method for operating a hazard detector, comprising:

operating, by a processing system of the hazard detector,

in a first mode, comprising;:

causing a first electromagnetic radiation emitter of the
hazard detector to emit a first wavelength of elec-
tromagnetic radiation nto a smoke chamber of the
hazard detector at a first periodic rate; and

causing a second electromagnetic radiation emitter of
the hazard detector to emit a second wavelength of
clectromagnetic radiation into the smoke chamber at
a second periodic rate that 1s lower than the first
periodic rate; and

operating, by the processing system, in a second mode,

comprising;

causing the first electromagnetic radiation emitter to
emit the first wavelength of electromagnetic radia-
tion 1nto the smoke chamber at a third periodic rate
that 1s higher than the first periodic rate; and

causing the second electromagnetic radiation emitter to
emit the second wavelength of electromagnetic
radiation 1nto the smoke chamber at a fourth periodic
rate that 1s higher than the second periodic rate.

13. The method of operating the hazard detector of claim
12, wherein causing the second electromagnetic radiation
emitter to be activated 1n the first mode at the second
periodic rate 1s for testing functionality of the second
clectromagnetic radiation emuitter.

14. The method of operating the hazard detector of claim
12, further comprising: powering, exclusively using one or
more batteries, the first electromagnetic radiation emitter,
the second electromagnetic radiation emitter, an electromag-
netic radiation sensor, and the processing system.
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15. The method of operating the hazard detector of claim
12, wherein the first wavelength emitted by the first elec-
tromagnetic radiation emitter 1s inirared and the second
wavelength emitted by the second electromagnetic radiation
emitter 1s blue light.

16. The method for operating the hazard detector of claim
12, wherein operating the hazard detector in the second
mode 1s at least partially based on at least a threshold amount
of smoke being detected within the smoke chamber using an
clectromagnetic radiation sensor.

17. The method for operating the hazard detector of claim
12, further comprising;:

calculating a metric value based on a first measurement

made by an electromagnetic radiation sensor measuring
the first wavelength of electromagnetic radiation and a
second measurement made by the electromagnetic
radiation sensor measuring the second wavelength of
clectromagnetic radiation.

18. The method of operating the hazard detector of claim
17, turther comprising: evaluating a rolling window of a
plurality of metric values, comprising the metric value, to
determine whether to activate a warning or an alarm of the
hazard detector.

19. The method of operating the hazard detector of claim
17, wherein the fourth periodic rate 1s the third periodic rate.

20. A non-transitory processor-readable medium compris-
ing processor-readable instructions for execution by a haz-
ard detector, the processor-readable instructions causing one
or more processors of the hazard detector to:

operate 1n a first mode, the first mode comprising:

causing a first electromagnetic radiation emitter of the
hazard detector to emit a first wavelength of elec-
tromagnetic radiation 1nto a smoke chamber of the
hazard detector at a first periodic rate; and

causing a second electromagnetic radiation emitter of
the hazard detector to emit a second wavelength of
clectromagnetic radiation mto the smoke chamber at
a second periodic rate that 1s lower than the first
periodic rate; and

operate 1 a second mode, the second mode comprising:

causing the first electromagnetic radiation emitter to
emit the first wavelength of electromagnetic radia-
tion into the smoke chamber at a third periodic rate
that 1s higher than the first periodic rate; and

causing the second electromagnetic radiation emitter to
emit the second wavelength of electromagnetic
radiation 1nto the smoke chamber at a fourth periodic
rate greater than the second periodic rate.

G ex x = e



	Front Page
	Drawings
	Specification
	Claims

